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FOREWORD

This handbook provides & working knowledge of phosphate and black cxide
coatings of ferrous metals as used by the Department of Defense for equipment
and ordnance. 1t 13 not intended tc be an exhaustive treatise on the subject,
but rather to furnish detsiled information on phosphate and black oxide
coatings that have proved satisfactory in service. It ia intended to
supplement, but noi replace, various specifications and standards covering

these contings.

A survey of military users of phesphete and black oxide coatings wes
conducted. Consequently, the information contained in this handbock describes
processing procedures, chemical control methods, cleaning operations and
equipment used by the military.
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GENERAL REFERENCES

Federal and Military specifications and standards are government publications

and are svailable from the Naval Publication and Forms Center, 5801 Tabor
Avenue, Philadelphis, PA 19120.

Aerospace Material Specifications are available from the Society of Automotive
Engineers, Inc., 400 Commonweslth Drive, Warrendale, PA 15096.

ASTM specifications and standards may be obtained from the American Society
for Tenting and Materials, 1916 Race Street, Philadelphia, PA 19103.
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1. INTRODUCTION

1.1 General. Prctective coatings composed of inscluble phesphate crystals
or iron oxides are applied to ferrous metal parts by a number of component
processes 1n which varying types ¢f chemical solutions are used. {The iron
oxide coatings are commonly known as black oxide coatings.) The following
three stages are normally used to apply the coatings. These are:

Cleaning and pretreataent
Costing
Preservation Treatment

The ¢bjective ¢f the comting precess is to provide an economical base for
subsequent treatment which will protect parts from corrosion resulting from
abrasicn or exposure to moisture and perspiratien.

The zinc or manganese phosphate coatings are formed on the parts by dipping
the 1ron ¢r steel parts in & sclution of zinc or manganese dihydrogen
phoasphate containing an oxidizing agent such as nitrate. The pH of the
sclution ranges from 2.0 to 2.5. As iron is dissolved from the part by the
acidic smolution, the pH of the solution adjacent to the part increases until
the insoluble phosphete ceoating is deposited on the part. 1In the spray
operation the resctions are similar and occur at the interface between the

aglutien and the surface ¢f the parts being treated.

The insoluble phosphatea involved in the phoaphate processes are of three

$aperm 3 skt ]
types. An insoluble phosphate consisting of zinc, manganese or iron

monohydrogen phosphate is precipitated at a pH of about 4. This material ie
found in the sludge in the bottom o¢f the tanks and in the scale on heating
surfaces and tank walls. The monohydrogen phoaphate salts are soluble in an
excess of phousphoric acid and serve as & buffer to prevent the accumulation of
excess phosphoric acid in the processing bath. The phosphate coatings, normal
phusphate salts, are formed at a PH of approximately 5.8 and are not easily
dissolved in phesphoric acid even when exposed to an excess of that acid.

The zinc base phuaphate coatings consi

P! at
{Zn,Fe(P0;):4H50 &nd Zn3(P04)p:4H;0). The proportions of the
two crvatals vary dependlng upon many factors. These factors include: The
cumpeusition of ihe phosphating bath, the temperature of the phosphating bath,
and the surface preparatiocn which determines the number of sites on which the
crystals fomm.

primarily of two crystals

The nanganese base phousphate coatings have not been as well characterized as
the zinc base phosphate coatings but it is believed that the crystal
compoaition is simalar.

Weter of Zrystallization will be lcst when the phosphete coating is exposed
to elevated temperatures. Thie loss results in & non-adherent powdery coating
and a subseguent decrease in ccrrosion resistance, Exposure of no more than
15 minutes to temperatures in air of 225°F {107°C) will not adversely
affect a8 zinc phosphate coeting Corresponding temperature for manganese
phosphate ccatings is 375¢F (190C). Expcsure at these temperatures for
longer tlmes oT for shorter times at higher temperatures will cause a decrease

1
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The black oride coatings are formed by immersing the iron or steel paris in
s solution where the iron or steel surface is converted to an oxide, generally
believed to be Fez O4. The bath for Class 1 treatments is & concentrated
solution of sodium hydroxide and sodium nitrate. The bath for class 3
treatments is a molten dichromate salt, usually potassium dichromate., The
bath for class 4 treatments is s concentrated solution of sodium hydroxide and
proprietary sulfur compounds which form an oxide-sulfide coating.

The phosphate coatings are intended to provide supplementary resistance by
holding & corrosion resistant finish such as an oil 1n the voids of the
crystalline coating. Recent work has demonstrated that the phosphate coating
itself provides some temporary corrosion resistance independent of the oil.

To obtain coatings (phosphate or bleck oxide) with the mpaximum corrosion
resistance, it is necessary to remove 811 foreign matter from the part end
process the part in a properly contrclled chemical bath. Or parts to be
phoasphated the surface must be conditioned to ensure that the crystalline
coating has the desired structure. The preferred system is to remove all
grease and o0il, clean with abrasive blasting and process in a properly
controlled bath.

Phogphate coatings meeting TT-C-490 are commonly suggested as the base for a
paint specified by the procuring agency. The presence of the phosphate coat-
ing under the paint film aids in preventing underfilm corrosion and increases
the durability of the paint film.

The black oxide coatings are commonly finished with & corrosion resistant
oil. Both phoophate and bleck cxide coatings Are used on a8 variety of
militery parts. Some examples of applications ere listed in the Appendaix.

Any of these protective coatings will be ineffective if Lheir continuity is
broken by surface defects that serve as points of entry for corrosive
substances. Such imperfections are unavoidable unless the metal surface is
completely free of dust, grit, oil, scid and alkaline residues, rust, and
other contaminants before the protective coating is applied.

1.2 Cleaning. Thorough cleaning of the metal surface 1s of prime
importance in the application of any of the coatings described in this
handbook. With few exceptions, the methods followed for the removal of
specific contaminants are similar in all systems. Thus, the cleaning methods
described in this handbook apply to all the protective comtings described,

1.7 Conditioning. Some cleaning methods which are used to remove certain
types of Boil will cause the formation of ceoarse crystalline phesphate
costings which give inferior corrosion resistance. The use of these cleaners
is required to remove the scgil. The use of & grain refinement treatmemt
chemical will change the surfece and will result in a corrosion resistant
crystalline structure. The material commonly used for this purpose shead of
zinc phosphate treatments is sodium monohydrogen phoaphate containing titanium
phosphate. The material commonly used prior to manganese phosphate treatments
is & manganese phosphate. In order for these chemicals to have the desired
affect on the coating formation, they are speciamlly treated during manufacture.
Conditioning salts increase the number of sites at which the phosphate coating
i2 formed, thus producing 8 fine uniform coating rather than a coarse
crystalline coating.

2
-
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1.4 Phosphate coatings.

1.4.1 Manganese base phosphate coating, DOD-P-16232, type M. This

phogphate protective coating, which ranges in c¢olor from gray to black

dependlng upon the alloy belng treated wlth high carben alloys being darker,

is used cn iron and steel. The manganese base phosphate coating, although
more resistant to heat than the zinc base phosphate coating, decomposes

between 3750F (1900C) and 4259F (2169C). The coating may be applied

to all clean ferrous metal parts with the exception of springs having a wire
diameter less than one-eighth inch (3mm) and barrel bores, Patent No. 4194329,
“"Technique for Passivating Stainless Steel”, desacribes a procedure for phosphs-
ting stainless steel. This phosphate coating is commonly used with a

pn!‘wh\nnm ‘hase' unpp}vmbntar}r finish on articles ¢or sections of articles not

receiving paint. If the phoaphate coated atem is to be painted, no petroleum
or wax based finish should be used prior to the application of the paint, as
the petroleum or wax will interfere with the adhesion of the paint to the
part. Manganese phosphate coatings are also used to improve the wear
resratance of sliding surfaces which are under heavy load such as gear teeth.
These coatinga should not be used on roller or ball bearings.

1.4.2 Zinc base phosphate coating, DOD-P-16232, type Z. This phosphate
proteciive coaling, which ranges in color from gray io biack depending upon
the alloy, 13 used on iron and steel. 1% is suitable for application to parts
where contact with alkaline materials or exposure to temperature in excess of
225°F (105°C) is not expected. The maintenance of the equipment is easier
with the zinc based phosphate than with the manganese based phosphate, Also,
zine phosphate coetings nomeally provide greater corrosion resistance than

manganese phosphote coatings, with or without supplezental coatings.
¥ »

1.4.3 Phosphete coating for paint base, TT-C-490, type 1. This coating
procegs consists of a chemical treaiment which produces & uniform, adherent,
crystalline, phosphate coating on iron and steel surfaces. The color of the
coating ranges from gray to black depending upon the alloy. The coating
inthibits corrosion, retards the pregress of filiform and underfilm corrosion,
increases adhesion, and results in greater durability of applied paint
finishes. The surface to be trested must be clean and free of rust, scale,
dirt, paint or similar contaminant. The coatings used for TT-C-490, Type 1
normally are much lower in ccating weight than those meeting DOD-P-16232.

1.5 Black Oxide Coatings.

1,5.1 Applications. These coatings are particularly suited for use on
moving parts (sliding or bearing surfaces) which cannot tolerate the
dimensional build-up of the more rust-resistant coatings. They are not
recommended for weapens going into long-term storage becauae of their poor
corrosion resistance.

1.9.2 Alkaline cxidizing process (for wrought iron, plain carbon, and low
nlloy stee2s), MIL-C-13924 class 1. This coating is applied by immersing the
clean ferrous metal parts in an aqueous alkaline oxidizing bath at{ tempers-
tures in the range cof 2850 to 2900F (1400 to 1439C), The parts are
then rinsed i1n water, dipped in & chromate rinse solution and dried. This
coating 1s applicable to plain carbon steel, most lev allcy steels cast and
malleable 1rons.

3
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1.5.3 Fused salt oxidizing process (for corrosion resistant steel alloys
which are heated to 900OF (4280C) or higher M1L-C-13924, Class 3. This
coating is applied by immersing the clean parts in moltien dichromate salts at
temperatures ranging from B25OF (4400C) to B509F (455°C), Tempering
can be done in conjunction with the blackening at temperatures up io S00°F
(482°C) and is applicable to chromium stainless steels with draw
temperaturea above G00OF (482°C),

1.5.4 Alkaline oxidizing process (for 300 series corrosion resistant
elloys), MIL-C-13924, Cless 4. This costing is applied by immersing the clean
parts in the agueous alkaline oxidizing bath at temperatures in (he 2500 to
2609F (121° to 127°C) range.

2. CLEANING

2.1 Cleaning methods.

2.1.1 General. Surface preparation is one of the most important factors
affecting the performance of the protective coating. The selection of an
appropriate cleaning method for ferrous metals depends on three important
factors:

The type and quantity of the grease, cil, and other soil

The equipment evailable, and

The residual effect of the cleaner on the coating produced

CAUTION: Protection from solvent splashing and preojected particles is
required. Goggles sre the minimum protection and must be worn.
Aleo, face shields, rubber aprons, rubber gloves, rubber boots,
etc., must be used if needed.

Secondary, but very practical considerations include cost, quantities'of parts
involved, etc,

In general, there are three types of surfece contaminants which must be
removed to obtain adhesion of the protective coating. They sre:

Grease, o0il, drawing compounds, and dust from relling,
forming, extruding, machining, handling, etc.

Rust and mill scsle, and

Salts or other chemicals which may or may not be visible but which serve
as nuclei for rust formation.

No single cleaning process removes all of the surface contaminants
encountered. Therefore, proper selection as well as the order of application
of any combination of cleaning processes must be made. The best way to
understand how & cleaning method or methods is selected is through knowvledge
of the properties and limitations of the various cleaning materials available
commercially. Therefore, in this chapter the various mechanical and chemical
surface cleaning methods and equipment presently in use will be outlined. It
should be noted that abrasive blasting is recommended (and for some items

required) ss a finsl cleaning process prior to heavy phosphate coating
(DOD-P-16232).
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2.1.2 Solvent cleaning. Before adopting any solvent cleaning procedure, ap
investigation of the hazards involved and the regulations issued by the EPA
and/or OSHA pertaining to the use of the solventsa being considered should be
completed.

Sulvent cleaning 1s one of the oldest methods used for the removal of soil

from a metal surface. The solvents employed cover a wide class of chemicals

including mineral spirits, chloerinsted hydrocerbons, etc. All sclvents are

potentially hazardous and should be used under such conditions that their
concentration in the air being breathed by the workmen is within safe limits,.
Benzene, gsscline, and carbon tetrachloride should be avoided because of their
toxicity or flammability. Solvents readily remove oils and greases, are
easily applied, and the necessary equipment{ occupies a minimum of apace.
Unfortunately there are some sericus disadvantages inherent in sclvent
cleaning vhich impose limitations on its use. These disadvantages include:

[z}

oth solvy

ent and applicstor asre soon contaminated and therefore
instead of removing oil completely, only redlstribute it.

=

Solvent cleaning 18 expensive 1f carried out properly. Effective
solvents have a high initial cest, distillation for re-use is
expensive, and losses may be expected.

Only oils and greases are removed. No rust or scale is removed.
Rust stimulators, soaps, and sslts may not be removed by some
solvents in vhich case they muat be removed or neutralized by

QY E YTl W AL ils Wil Wirey e

olher meana.

The fumes f{rom scome of the best solvents are toxic or represent
long or short term heelth hazards in many instances. This
includes most chlorinated solvents and aromatics.

Some chlorinated solvents sre decomposed by heat in contact with
water and metal, forming hydrochloric acid which attacks the
equipment and stimulates corrosion of clean partis,

The methods generally used in solvent cleaning are outlined in paragraphs
2.1.2.1 and 2,1,2.2.

2.1.2.1 Dipping. 1In dipping operatiens, parts are immersed in either cold
or warm aclvent. Usually twe or more tanks are used for preliminary cleaning
with the remainder used for rinsing. W¥hen the selvent in the firat tank
becomes contaminated, it should be discarded. The next tank should then be
used for the preliminary cleesning and the clean solvent used for the final
ringe,

2.1.2.2 Vapor degreasing. Cleaning materials by vaper degreasing consists
of removing oils and greases from the part by suspending it in the vapor of
chlorinated solvents. The vapors condense on the relatively cold metal -
surface and the condensate dissolves and rinses off the grease and other soils
acluble in the solvent.
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Equipment for vapor degressing 1s spec:ially engineered by the equipment
penufacturers for proper heat input to control the solvent liquid and vapers.
"Machines are built with one or more compartments as required by the process,
For continuous production, units are conveyorized and normally enclosed.
Equipment for this type of cleaning is described briefly in sectien 2.2.2 and
must be designed and assembled to enable the user to comply with all EPA and
OSHA regulations. Vapor degreasing equipment is available meeting OSHA and
EPA requirements.

2.1.3 Alkali cleaning. Alkali cleaning is usually more efficient, cheaper,
and less hazardous than solvent cleaning. Alkaline cleaner chemicals, which
are formulated to perform a variety of cleaning and preireatment functions,
are apluble in water and used st elevated temperatures, These formulations
clean by saponifying certain oils and greases while their surface actave
additive components wash away other tvpes of contaminants. Soil removal is
sccomplished through detergency or sapenification, rather than scivenzy. Scil
is removed mainly by displacement from the surface rather than by direct
solution, as in sclvent cleaning. One of the desirable characteraistics of an
alkaline cleaner is its ability to maintein reasonably high alkalinity despite
the introduction of acidic secils or consumption of the alkali in the
saponification of oils. Since no single alkaline salt hes all the necessary
properties (i.e., high pH, buffering action, rinsability, wetting and
emulsifying action, detergent properties, etc.), blended alkaline cleaners are
almoat exclusively used today. These blends will differ depending on the
cleaning problem of any given material, the kind of soil to be removed, and
the equipment available.

Temperature is an important consideration in the application of any alkaline
cleaner. Heat enhances the activity of the cleaner and improves the
effectiveness of the alkaline cleaner components, Scaps formed by
saponification of fatty acids are soluble in water and sre readily removed by
rinaing with water. Alkalies are less effective than solvents feor removing
heavy or carbonized oils, rust inhibitive oils, etc. Alkaline cleaners can be
formulated to remove rust by immersion or electrolytic methods. (See
MIL-C=14460.) Removal of heavy rust will require electrolytic action. The
methods used in alkeline cleaning are outlined in paragraphs 2.1.3.1 to
2.1.3.3.

2.1.3.1 Dipping. In dipping operaticns, the contaminated parts are
immersed in hot alkaline sclutions contained in tanks. The use of two tanks
is recommended. Some mechanical agitation is desirable to increase the
effectiveness of this method of alkaline cleaning. One simple method of
supplying this agitation is to maintain the cleaner at a rolling beil.
Alkaline cleaners in & dip process are usually used at concentrations of 4 to
10 ounces per gallon (30 to 75 grams per liter), and at temperatures ranging
from 1B0°F (82°C) to a rolling boil. Tanks should be equipped with an
overflov weir so that oil and other floating contamination can be skimmed or
overflowed periodically. See section 2.1.8,3 concerning disposal of the
gkimmings from the alkaline cleaner solulions.
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2.1.3.2 Pressure spraying. In the spray process the contaminated parts are
sprayed with the alkaline cleaning solution, usually in a mechanical systen.
The alkaline cleaning solution is pumped from a heated reservoir and applied
to the metal under pressure through an array of nozzles., Alkaline spray
cleaners are generally formulated with low foaming surface active agents to
elininate excessive foaming. Alkali concentrations used in pover spraying
are, in genersl, considerebly lower than those used in other methods., One-
"quarter to 2 cunces per gellen (2 to 15 grams per liter) is the ususl
concentration range recommended. Recommended temperatures range from 1609F
te 180°F (70° to 80°C), and cleaning time ranges from 30 to 75 seconds.

2.1.3.3 Electrglytic cleaning. Electrolytic cleaning is seldom used ahead
of phosphate itreatments due to the tendency for this type of cleaning to
cendition the metal surface such that non-uniform costings are produced
(phosphate comtings consisting of large crystals separated by uncoated
areas). When electrolytic cleaning is used ahead of phoaphate treatments, it
is necessary to follow it with conditioning treatments as described in Secticn
3 which ensure the formation of the desired coating crystal astructure.
Electrolytic alkaline cleaning generates large quantities of gas close to the
scil and is, consequently, very effective in providing a high level of
mechanical agitation. The ges can be generated at the anode or cathode
depending on the system employed. While a greater volume of gas is evolved at
the cathode, there 13 s tendency to deposit small quantities of impurities.
The trend has recently developed to combine cathodic and anodic cycles
although atraight anodic cleaning has been effectively used. High
conductivity is important so electrelytic cleaners usually contain caustic
soda. The electrolytic cleaners ere used at higher concentrationa than other
alkaline ¢leaning methods. Recommended concentrations range from 6 to 14
ounces per gallon {45 to 105 grams per liter) and temperatures range from
180°F (B20°C) to & reclling bocil. In this method of cleaning, & reasonable
anount of foam is desirable to hold down the mist that is generated by

eleclrolysais,

2.1.4 Emulsion cleaning. Emulsion tleaning methods are designed to bring =
g0i] inte contact with both an organic solvent and water solution of surface
active sgents, so that the water and solvent soluble soils may be dissolved,
and the soils dispersed in a water medium pricor to being flushed away by =&
water rinse, 1In general, these cleaners leave g thin residue of an oily
nature. When a8 protective coating is to be applied to the parts, this film
must be removed by an additional cleaning operation. In other instances, it
1s desirable to have this light film of oily material to provide scome rust
protection during in-plant storage. .

Because of the nature of the emulsions, there are no convenient methods for
the control of the concentration of these cleaners cther than performance
checks.

While these cleaners are more effective in spray equipment, they have been
used in dipping tanks. 1In dipping installations, the emulsion ¢leaners show
some effectiveness at dilutions clese to 1 to 10, and at temperatures of
1600 to 200°F (71° to 93°C). In spray cleaning, the tank may be
1400 to 180°F (60° to 839C). Above these temperatures, solvent
evaporation becomes a problem. A hot water rinse is recommended fcllowing

emulsion cleaning.

7
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In emulsion cleaners the solvent is present in the form of very fine
droplets dispersed in the water solution and stabilized by surface active
agents. 1In general, the solvents used are of the hydrocarbon type so that
flammsbility becomes a problem but in emulsion cleaning the sclvent is so well
dispersed in water that a moderate flash point solvent can be used at
temperatures as high as 1BO°F (B830C) without much danger., This cleaner
concentrate consiasts of emulsifying agents, surface active agents, organic
solvents, and, in some formulations, water. These formulations emulsify when
mixed with water. Emulsion ¢leaners are used at concentrations ranging from 1
part of concentrate to 10 to 200 parts of water.

2.1.5 Steam cleaning. Steam cleaning is quite often used to remove soil
when the parts to be cleaned do not lend themselves to scak or spray cleaning
and the improved quality of cleaning over hand cleaning is desired. In steam
cleaning, steam or hot water under pressure, along with detergents, is
directed against the work to be cleaned through a hose fitted with an
appropriate nozzle. The detergent used can be caustic enough to remove all
o0il paint as well as dirt, grease, smudge, soot, etc. The surface to be
cleaned should be wetted to allow the cleaning compound to lcosen foreign
matter which is later removed by a cleaning passa. In applying the cleaning
compound, the speed of spraying should be comparable to that used for spray
painting. Several rapid passes are better than one very slow pass., Since
large amounts of steam and chemicals are consumed in this type of cleaning,
the cost may be several times that of immersien or spray cleaning.

CAUTION: The operators of steam cleaning equipment must
wear protective clothing a3 well as face and eye
protection to avoid burns from the steam, the hot
equipment, and/or the caustic solutions.

2.1.6 Phosphoric Acid Cleaning.

2.1.6.1 Brush cleaning. The wash-off type material is commonly applied by
hand using brushes or aponges when; production is small or infrequent, the
area to be treated is large, and the most economical and practical application
is by hand.

The use of the brush-on method requires clesning of the metal before using the
phosphoric acid if a heavy coasting of grease or drawing compounds are

present. For mild rust, a concentration of 1 volume of acid cleaner to 1 or 2
volumes of water should be used, Experience will indicate the most effective
concentration to use. The diluted cleaner is applied ‘with a brush or sponge
and the surface thoroughly scrubbed. More than cne application may be
necessary. Before the cleaning solution dries, it is rinsed with clean water
in a tank or with running water from a hose.

CAUTION: For safety reasons, the operators must use
face shielda, rubber gloves, rubber aprons,
and rubber boots when using these materials.
Care must be taken to protect adjacent
equipment.
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2.1.6.2 Spray application. The nenfoaming type solutions are applied by
spraying & solution of the chemical on the parts. The operating solution is
prepared by diluting the concentrate with water. The normal dilution is 1
volume of concentrate to 3 volumes of water. However, experience may indicate
that greater or smaller dilutiona should be used. The solution is applied at
temperatures of about 150°F (659C). This type of application is normally
use in a spray tunnel in which the parts are transferred from stage to stage
by a conveyor. These stages consist of a spray alkali cleaning, a8 water
rinse, a phoaphoric acid pickle, another water rinse, a conditioning compound
treaiment (Section 111), a zinc phosphsate treatment, another water rinse
followed by 8 chromate rinse. After the chromate rinse the part is dried. It
should be noted that some of these stages sre omitted at times.

2.1.6.3 lmmersion cleaning. Immersion tank type solutions are recommended
for parts with medium to large production which can be conveniently treated in
immersion tanks. The recommended dilution is three volumes of water per each
volume of the concentrate. However, experience may indicate that greater or
less dilution is preferred.

CAUTION: For safety reasons, the operators must wear
face shields, rubber gloves, and rubber
boots when using these chemicals,

2.1.7 Acid pickling. Acid cleaning is not recommended as & method of
cleaning 1f sny other methed will remove the scils. When metal dissolves in
acid, atomic hydrogen is released and s portion of this is absorbed or
dissolved i1n the metal. Any resulting embrittlement of the metsl, known as
hydrogen embrittlement, can result in breakage of steel under stress unless
the hydrogen 13 removed. Hydrogen removal is usually accomplished with heat.
The temperature and times required to remove the hydrogen absorbed during
pickling may also destroy the corrosion resistance of the phosphate coatings.
For this reason, pickling should never be employed before a phosphating
operation which 1s used to meet DOD-P-1623%2 without permission of the procuring
agency. The higher temperatures used in the black oxide treatments will
normally draive off the absorbed hydrogen from most hydrochloric acid pickles.
This acid is freguently used prior to black oxide treatments to remove all
traces of corrosion,

Special provisions shall be reguired to hendle embrittlement when treating
steel parts with an ultimate tensile strength of 200,000 psi (1379 MPa) or
above. See 5.1.5,

In acid pickling, metals are immersed in acid solutions for the purpose of
removing oxides and/or acale. The various acids used in commercial pickling
sre sulfuric, hydrochloric (muriatic), mitric, phosphoric, and mixtures of
these acids. Sulfuric acid, because of its low cost, high boiling point,
ave:lability, and general suitability, is used widely in the pickling of mild
and low carbon steels. Pickling is ususlly carried cut by immersing the work
in suitable pickle vatha. However, the same factors apply if the pickling
solution is sprayed or flowed over the work or if the work is pulled through
baths of acid as in the continuous pickling of strip steel. Acids suitable
for pickling not only remove scale from the base petal but also attack and pit
it. When th2s cccurs, metal and acid are wasted, and more smut develops which
muzt be removed before subsequent coating treatment. To prevent the formation
of smut, i1nhibitors, such as dibutylthiourea or proprietary materials are

9
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frequently recommended. When inhibitors are used, care must be taken to
prevent the inhibitor from being carried into the coating treatment bath
{phosphate or black oride}, Careful control of the amount of metal remcved by
contrelling the acid concentration, time in the acid, and the temperature, is
preferred as the means of aveiding excess pickling of the parts but when some
areas are heavily rusted or scaled and other arees are not, the use of an
inhibitor may be necessary.

Before pickling, oils, grease, and surface contaminants should be removed by
solvent or alkali cleaning. After pickling, the work should be thoroughly
rinsed, Then the metal should be treated to give a surface suitable fur the
treatments which are to follow,

When acid pickling is uased, provision for safe handling of these hazardous
materials must be provided. Workmen must wear eye protection, face shields,
acid resistant clothing, gloves, and beots. Provisicn for the removal of the
fumea released must be provided. Copies of the applicable EPA and OSHA

. P - _. . Al
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The rate at which acid solution approaches saturation with iron varies
depending upon production conditions. Eventually it becomes necessary to
discard the spent pickle solution. Local regulstions vary as tc the treatment
required. Provision must be wade to comply with these regulations,

2.1.8 Abrasive blasting. Blast cleaning conaists of cutting, chipping, or
abrading the surface through the high velocity impact of abrasive particles

egainat the gsurface. Ordinarily, no other cleaning is
~
L

that have been blaat cleaned., BRust, mill scale, and ol
On parts which are contaminated with grease or oil, deg
before blaat cleaning.

anracanYy AN Nniansoag
\ruuauaJ Wil MATLTD

f
n
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reasing is required

There are three methods that can be used to asccelerate and discharge the
sbrasive from the equipment:

Discharging the abrasive in a stream of high pressure gas such as air,

Discharging the abrasive in a stream of high pressure liquid such as
vater,

Discharging the abrasive centrifugally from the periphery of a
rotaeting paddle wheel traveling et a high peripheral speed.

In blast cleaning operations, the impact velocity of the abrasive aga:nst
the metal should c¢orrespond to its most effective abragsion level which depends
upon the particle size, shape, hardness and its breskdown rate. The key to
obtaining economical blast cleaning rates lies in the proper selection and use
of the abrasive. The abrasive used may be metallic, siliceous (containing
free silica), or nonmetallic synthetic (conteining no free silica). 'When
aluminum cxide abrasives are used, care must be taken to remove all abrasives
and abrasive dusta from the parts before they are immersed in the phosphate
solution. The asluminum can dissolve in the phosphate bath and inhabit the
coating formation. Abrasives may be any one of three shapes (shot, grit, or
semishape abrasive) or may consist of a mixture of shapes.

10
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Some of the important factors which help to determine the abrasives to be
used are:

Shape of the part

Kind of material to be removed

Loss of abrasive

Breakdown rate ¢f the abrasive

Coat of reclaiming the abrasive

Hazards assocciated with use of the abrasive

CAUTION: Any abrasive tleaning system should be

designed to protect the workers from the
dust. This is particularly important if
g1lice containing aebrasives are used.

All mill scale, rust, rust scale, paint or any other foreign matter should
be removed and the surface sppear ss & grayish metallic white, very uniform in
color and slightly roughened. Abrasive blasting is required as the final
cleaning before heavy coatings {DOD-P-16232) are applied.

2.1.8.1 HNozzle blast cleaning. Nozzle blast cleaning utilizes a fluid
medium to tranaport the abrasive. The fluid mediun may be air or water.
Three types of nozzle blast cleaning units are in general use.

2.1.8.1,1 Direct pressure type. A compartment or tank is held under
constant pressure during the blasting operation. Abrasive is fed under
pressure from the bottom outlet where the blasting stream of air meets the
sbrasive and carries it to the blast nozzle. This system offers many
advantages over the gravity feed msnd suction feed units.

2.1.8.1.2 Suction Feed Type. The abrasive is drawn to the blast gun
through ean induction chamber. In the induction chamber the abrasive is fed to
the blast gun by a small jet of compressed air. The expanded air and abrasive
are passed thrcugh s large nozzle and directed at the work., This system is
geldom employed in large applacations.

2.1.8.1.3 Gravity Feed Type. The feed flowa from a hopper at an elevation
above the blast gun through the induction chamber behind the larger nozzle of
the suction blast gun similar to the one deacribed in 2.1.9.1.2.

2.1.8.2 Wheel Blast Cleaning. Lowest costs are achieved by use of a wheel
blast cleaning system. The many advantages of wheel blast cleaning over air
or nozzle blast cleaning are sufficiently great to warrant the installation of
extensive wheel blast machines where feasible. One of the big advantages of
using wheel blast clesning equipment is the elimination of air compreasors and
pipelines and attendant labor. Other advantages sre in the .compactness and
gelf-gufficiency of the unit as well a3 the ease of starting, the simplicity
of the power supply, ete. The principle disadvantages of this type of
equipment are the high initial cost, the high maintenance cost and shut down
time for repair and maintenance. Where the equipment is used & high
percentage of the time, it will furnish low cost cleaning.

Twe types of wheels sre used, the batter type and the slide type. In the
batter type, the abrasive is prepelled by impact when it comes in contact with
the edge of the vanes. In the commonly used slide type, the abrasive is

11
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charged through the hub of the wheel and slides on the vanes toc the edge of
the wheel where it is projected at high velocity towards the work. The type
of mbraesive used with the wheel blast cleaning equipment is usuelly metallic.

2.1.8.3 Disposal of spent cleaning media. Consideration must be given to
the proper disposal of spent cleaning medis and the scil removed when select-
ing a cleaning method. Most cleaning procedures suspend the soils removed in
the cleaning media and it is necessary to discard the mixture periodicelly in
order to continue to remove soil. Selection of the disposal method will
depend upon the locsl waste disposal reguleations, the cleaning method used,
and the scils being removed. Discussion of the disposal procedures ané
instructions is outside the scope of this handbook.

2.2 (leaning Equipment

2.2.1 General. Only the major equipment required for each method of
cleaning is ocutlined in this section. Further infeormation concerning such
equipment or esny acceasories needed may be obtained from current literature or
from manufacturers. The necessity to comply with EPA and OSHA regulations and
tc allow for treatment of the spent cleaning wedia for proper dispesal should
be considered in the design and layout of any equipment.

2.2.2 Sclvent Cleaning Equipment. Two or more solvent tanks are necessary
for immersion solvent cleaning. For vapor degreasing, equipment which is
specially engineered for proper heat input and control ¢f sclvent liquid and
vapor is required. Machines are built with cne to three or occasionally more
compartments. Figure 1 illusirates a conventional degreaser with cne
compartment. For all sclvent cleaning, equipment for reclaiming or recyciing
the solvent is needed, otherwise this method of cleaning is prohibitively
expensive,

2.2.% Alkali Cleaning Equipment. For immersion cleaning, tanks feor the
solution and equipment for heating the solution are required. Tanks equipped
with electrodes or tumbling barrels with electrodes (very effective fcr small
parts where electrolytic and mechanical action are combined) and accessories

ama warmiit sad Fao AN amboaTerdd
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There are two general methods of applying cleaning solutions by spray. The
most widely used method requires two banks of nozzles mounted on opponite
sides of a conveyor. The nozgzles may be mounted in vertical banks and
directed at the work being conveyed between them with the solution returning
to the heated reservoir. A variation of this system has the banks of nozzles
mounted horizontally sbove and below a belt type conveyor. The second method
is described in section 2.2.5 and, in this case, only cne nozzle is used and

the cleaner

2.2.4 Emulsion Cleaning Equipment. Emulsion type cleaners are used by both
immersion and by spray., The equipment used is similar to that used in alkali
cleaning (Section 2.2.3).

2.2.5 Steam Cleaning Equipment. Equipment for steam cleaning usually
congiats of & small flash type boiler, a motor driven pump, and & water
supply. The unit is normally mounted on wheels so that it can be easily moved

Y nlasnad Ui ed ms barmmn af 3 i

to the part to be cleaned. varipus iypes ¢1 nozzies are available dependaing

on the type of cleaning problem,
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2.2.6 Acid-pickling Equipment. The materials of censtruction for the
pickle tank, the rinse tank, and the heat exchanger must be resistant to the
acid and tempersture used.

2.2.7 Abrasive Blasting Eguipment

2.2.7.1 Direct Pressure Type Egquipment. 1In genersl, the equipment for
direct pressure blast cleaning consists of & tank in which the abrasive is

n#nued under pressure. Tbe pFOQunrn on the abrasive forces it frnm the hottom

of the tank into a mixing chamber. In the mixing chamber a stream of axr
picks up the abrasive and carries it to the nezzle. The design of direct
pressure blast cleaning equipment is & specialized field., The services of
manufacturers should be drawn upon for installation of this type of
equipment. Their advice is particularly valuable in selecting abrasive lines,
hoses, mixing chambers, valves, nczzles and reclamation, -separaticon and
ventilation equipment.

2.2.7.2 Su

2.2.7.2 u on Feeﬂ mvnc Pﬂnwnmnnf Tbe conatruction nd
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suction feed type equipment is very simple. Operation of the equipment is
based on a vacuum created by compressed air pagsing through & small jet. The
vacuum draws the abrasive into an induction chamber where it 13 picked up by
air from a larger nezzle., The mixture of Bir and sbrasive is directed mgainsti
the work through the blast gun.

oqy
i

2.2.7.3 Gravity Feed Type Equipment., Gravity feed equipment rel:es upon

the flow of abrasive from a hopper to the nozzle by gravity aleone. The
conventional suction feed funp ann1nmpn+ may be used for gravity feed abrasive

blasting by raising the abr531"e suyply to a level above the gun. A fccd
control may be necessary tc prevent blocking of the feed line because of the
excessive amount of abrasive.

2.2.7.4 Wet Blast Cleaning Equipment. For some types of wet blast
cleaning, special equipment must be used. For other types, standard dry blast
units can be employed. Specially designed wet blast equipment 13 generally
auitable for dry blasting. On the other hand, standard dry blasting equipment
13 usually not suitable for wet blastiing.

2.2.7.5 V¥Wheel Blast Equipment. The equipment for this type of cleaning
consists of an abrasive feeding mechanism, 8 vaned wheel which supplies Lhe
final velocity of the abrasive, the drive assembly, and the wheel housing.
Directional control of the stream is secured by varying the poant al which the
sbrasive i3 fed to the vanes, Figure 2 illustrates an abrasive throwing wheel.

3. CONDITIONING PRIOR TO PHOSPHATE COATING

3.1 General. The phosphate coatings consist of many small crystals which
are formed on and adhere fimmly to the metal surface. Each crystel grows frem
a single point (a cathode) on the metal surface and continues to grow until 1t
contacts a neighbering crystal. If there are few cathedes on the surlace, few
crystals will be formed. Thus, large crystals are formed which are easily
broken and much of the surface ia uncoated. 1f many cathodic aites are
present when the parts ere introduced intc the phosphating bath many small
crystals are formed., - The coatings formed under these conditions are less
easily broken (more resistant to abrasion). There is less unccated surface,
therefore, better corrosion resistance results.

14
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3.2 Cleaning systems which leave many cathodic sites on the metal surface,
Solvent cleaning, (with the exception of vapor degreesing), emulsion cleaning
and abrasive blasting all appear to leave many cathodic sites on the surface.

ey e i e i wm ans mlanmt e mmmadiiman mamed o + AF

The phosphate coatings produced following these cleaning procedures consist of
amall dense cryatals and are capable of meeting the required tests.

3.3 C(Cleaning aystems which leave few csthodic sites on the metal surface.
Strong caustic cleaners, electrolytic alkaline cleaners, pickles, and vapor
degreasing appear tc leave few cathodic sites on the metal surface. Phosphate
coatings produced on these surfaces tend to be "sparse”™ in that there are
uncoeted areas between large crystals. These coatingas frequently are not
capable of meeting the required tests.

3.3.1 The use of conditioning agents. The surfaces referred to in Section
2.3 ¢can be modified to produce the desired fine grain comfings by rubbing the
surface with a damp rag or by the use of proprietary “"conditioning” agents. A
titanium-disodium phosphate complex (U.S. Patent 2,310,239-Jernstedt) is
effective with zinc phosphate processes and can be obtained from many of the
suppliers of phoaphste ccating chemicals. A proprietary chemical which
produces a similar affect when used before manganese phosphate coamting
chemicals is also available.

4, PHOSPHATE COATINGS

4.1 Intreduction

4.1.1 Cheracteristics. Phosphate coatings consiast of crystalline,
non-reflective, water insoluble metsl phosphates which are very adherenl Lo
the base metal. The manganese and zinc phosphate coatings of DOD-P-16232 are
impregnated with a rust-inhibiting oil, & aclvent cul-back preservative, or
other specified finish. The Type 1 phosphate coating of TT-C-490 1is not
oiled, since this coating is used as a base for paint.

15
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The manganese based phosphate costings are more resistant than the zine
bssed phosphate coatings to high temperatures but should not be exposed for
long times to temperatures above 3500F (175°C). Zinc based phosphate
coatings should not be exposed for long times to temperatures above 2000F
(959C), The maintenance of the heat exchangers is much easier with zinc
besed phosphale processes than with the manganese based phosphate processes.

The coatings meeting DOD-P-16232 are particularly effective in resisting
corrosion between mating metsl surfaces, such as encountered in fasteners and
metallic belt links. These costings reduce the tendency for parts to
“freeze”. Neither of these costings is recommended for alksline environments.

The coler of the phosphate coatings rangea from gray to black depending upon
the alley and the dimensional buildup varies from 0.0001 to 0.0005 inch
(0.0025 t¢ 0.0125 millimeters). When the parts require close fit for proper
funclioning, no allowance should be made for this buildup as the crystals are
easily broken snd the parts quickly return te their original uncoated
dimensions.

WARNING: When working with phosphating solutions end sslts, goggles, face

shields, impervous rubber aprons, boots and gloves must be worn.

4.1.2 Adaptabilaty. Phosphate coatings may be applied to 8ll ferrous metal
parts used in military material by normal processing procedure with the
exceptions noted in 4.1,2.1 through 4.1.2.6 below.

4,1,2.1 Springs. 3Jprings, primarily those having a small dismeter, are apt
tt become brittle dyring the phosphating process. This applies also to leaf
springs and other parts of small cross section that teake spring loads.
Certain mssemblies thal centein springs which cannot be disassembled without
damaging the parts may be phosphated without disessembling.

Any springs which are phoaphatized should be relieved of hydrogen
embrittlement by holding them st room tempersture fer 120 hours or heatling
them for eight hours at temperatures of 2100 to 2200F (1002 to 1049C).

4,1,2.2 Nonferrous Metmls. The phosphate coatings described in this
handbook cannot be applied to brass and copper. However, nonferrous metal
parts such as brass bushings, which are permanently assembled to iren or steel
components, will not normally be seriously damaged during processing. A small
ampunt of copper will be dissclved in & normal operating phosphating beth and
lsrge amounte may be disspived 1f the free acad is high., The dissolved copper
will cause the coatings produced to be less resistant to corrosion than they
would have been in the mbsence of copper in the bath. Brass, bronze, or other
nonferrous metal holding fixtures or baskets should not be used to hold pieces
of work while in-the phosphating tank.

To remcve copper from the phosphate bath, process batches of degreased steel
wool or clean scrap iron for approximately 5 minutes. The steel wool or scrap
iren should be removed as the copper plates cut on the metal,
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4.1.2.% Steinless Steel. This material cannot be successfully treated with
any known phosphate treatment. However, stainless steel is "activated” by
blasting the metal surface with cast iron grit or cut steel blssting abrasive.
Particles of ferrous metal abresive are embedded in the corrosion resistant
steel surface, causing & passive coating to form in a conventional phesphatng
or oxalating solution, This may be desirable to make the stainless steel
surface non~reflective and more correosion resistant.

4,1,2,4 Gun Barrels. The barrels of all weapons must be plugged before
phogphating. For this purpose, silicone plugs, tapered wooden pluga, rubber
stoppers, or straight or tapered cork stoppers may be used. New corks should
be sosked for 15 minutes at 200°F (950C) in a dilute solution of soda ash
anA wabtaw

tc remove tannit acid, vhich may cause disceleration of the darrel,

4.1.2.% Gaa Porta. Gas ports on automatic rifles must be plugged before
phoaphating.

4.1.2.6 Reprocessing Phosphated Parts. Abrasive blasting is a process for
cleaning and finishing of materiala by propelling an abrasive media in a dry
condition or suspended in a water slurry. As a cleaning tool it has tre
ability to remove phosphate coatings when required and will prepare that
surface for additional treatment. It is highly recommended that abrassive
bleating be used for these operations.

4.1.3 Cleaning of Phosphate Coatings. After this type of finish has been
applied, it should be cleaned only with hot water and s surfactant or with
aclvent-type cleaners such as dry~clesning solvent, mineral apirits, or
degreasing solvent,

spda, soda

tic
ash, trisodium phosphate, and all other sirong slkali me als must be

avoided, since they will destroy the phosphate finish,

Pheaphate costings are scluble in alkali. Therefore, caus
ateri

™
i

4.1.4 Exercise of Assembled Weapons. Refinished weapons should be coperated
by hand until the moving parts work smoothly withoul banding or undue effort.

4,2 Processing Tanks and Eguipment

4.2.1 General. The cleaning and other pretreatment operations preceeding
the application of the phosphate coating have been described. Thia section
covers the tanks and equipment used after the pretreatment operations are

completed and includes those required for:

Phosphating,

¥ater rinsing,

Chromate rinsing, and

The application of the supplemenitary preservative cosling

A D
XX

4.2.2.1 Materials of Construction. Since the phosphating solution wall
torrode mild steel, the tank should be constructed of steinless steel {types
304, 316, 321, or 347), or plastic which is resistant to both the chemicals
and the temperature used in the process. If plastic is used, the material
18
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ahould be checked to be sure that no plasticizers are present which can leach
out and inhibit the phosphating reactions. A piece of the plastic, represent-
ative in composition, can be immersed in the phosphating soclution at operating
concentration and temperature for 48 hours, The volume of the phosphating
solution and the size of the plastic part should be close to the relative
volume and area that will exist in the operating tank. Test pieces ashauld be
run in this phosphate sclution after it has been cocled, mixed thoroughly with
the sludge formed, and reheated tc be sure that the coatings produced are
satigfactory. Mild steel may be used to construct the tank but the life of
the tank will probably not exceed one year.

4.2.2.2 Conatruction. The tank should be double-wall construction with
suitable insulation installed between the walls to conserve heat (Figure 3).
The tanl should be provided with a cover to conserve heat. Drains are not
recommended in the phosphate processing tanks due to the tendency of the
sludge to interfere wilth cleosing of the valves which leads to loss of solution,

The dimensions of the tank are governed by the number and size of the parts
to be processed. Provisions sheould be made for at least 6 inches {15 centi-
meters) of sludge to accumulate on the bottom without contacting the work
being processed. If a perfcrated processing barrel (Figures 4 and 5) is to be
ugsed in the processing system, the teank should be sized to accommodate the
perforated barrel end 1ls drive system.

4.2.2.3 Tank heating. Under no circumstances should any phosphating tank
be heated from the bottem. If bottom heating is used, steam pockets will form
under the sludge. These pockets can erupt viclently, throwing hot soluticn on
personnel in the vicinity,.

Heating with entrance and exit pipes welded intc the tank walls is
objectionaeble for two reasons. The atregsses due to temperature and
differential expansion of the metal can cause lesks to develop. The removal
of scale and sludge from the heating surfaces can be done only after the
processing sclution has been removed from the tank.

Excellent results have been cbteined when the temperature differential
between hesting surface and the operating bath does not exceed 50°F
(10°C). Higher temperature differentimls have adverse affects on the
phesphate bath and may cause distortion of portions of the tank and/or the
heater.

Mixed results have been obtained when the heat is supplied through the tank
walls by means of either a jacketed tank or by attaching electric strip
heaters to the cutside of the tenk., The electric heaters produce local areas
with a high temperature differential between the tank wall and the sclution.
Excellent results have been obtained when the heat is supplied by a heating
medium circuleting in a jacket around the tank &s long as the temperature
differential is less than 50°F (100C). However, poor results have been

obteined with higher heat differentials.

The use of electric immersion-type heaters shculd be avoided as the heating
surfaces are normally at high temperatures and the high heat differential is
harmful to the phesphating sclution.,
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Steam at 30 ps1 (2.1 kg/sq cm) or less is the most desirable source of heat
for a phosphating process. Downdraft gas heating units have been used
'successfully wvhere steam was not aveailable, Unfortunately, there is a high
heat differential between the heating tube and the phosphate bsth and adverse
affects occur in the phosphate sclution. 1In addition, the removal of acale
and sludge is mere difficult. Both the steam and the gas heating elements
must be sc installed that they can be ea=ily removed from the tank for the
removal of accumulated acale. The heating ¢oil may be suapended on strap iron
nangers hooked over the tank edge and equipped with a lifting lug to
facilatate its removal from the saclution. The coil should not be installed on
the tank bottom nor should steam return nipples be cut through the tank wall.
A steam trap should be placed in the return line at floor level te free the
coxl of water. At least two sets of ceils should be provided for each
phousphating tank to ensure continuous operation, and these should preferably
be constructed ¢f stainless steel to minimize scaling.

Effective steam heat exchangers are commercially available, These
exchangers consist of ateel plates welded together with passages between the
plates through which the steam flows. These heat exchangers are light, easy
tec clean, and cccupy less space than pipe coila. Heat exchangers of thie
type, constructed of mild steel or of stainless steel, are available. One
type consiats of two sheets embossed to form a tube similar to a pipe coil
when the two sheets ere joined. Another type is manufactured by welding the
edges of the flat plates together, intermittiently spot welding the iwo sheets,
and inflating the sheets with hydraulic pressure to form "pillows” through
which the steam flows., Both of these hest exchangers are light, easy to
clean, and occupy lesas gpace than the pipe coils.

Immersion-tvpe downdraft gas heating equipment can be used for heating the
phosphatizing solution. The piping layout in this heating system is similar
to that used for steam, but the ducts are much larger than the steam pipes.
They are removable for removal of scale and sludge.

4.2.3 Processing Barrel. When the parts to be treated are amall, it ia
frequently erpensive to place them individually on racks. A common solution
to this problem is to place the parts in 8 perforated barrel such as that
shown 1n Figures 4 and 5. The parts are cleaned, rinsed, processed and,
occasionally, finished without removel from the perforated barrel. The barrel
is rotated while immersed in the cleaning and processing solutions. Rinsing
15 best accomplisned hy immersing the barrel in the rinse soluticon, and then
removing 1t to allow the contaminated rinse sclution to drain. This may be
repeated 2 or 3 times for wmprovea rinsing. Te minimize abration of the
coating during processing it is suggested that the barrel be filled completely.

The design shown in Figures 4 and 5 combines the rack to suppori the barrel
and the mechaniam to rotate the barrel in a single unit. An older deaign,
gt1ll used i1n meny places, uses A {rame mounted in the tank. The ghafts at
each 2nd ¢f the barrel rest in bearings in the frame permitting the dbarrel to
be rota‘ed. A driving mechanism is mounted on the rear of the tank. The
barrel is placed in the frame and the rotating mechsnism engages the ratchet
at the end «f the barre! so the barrel! can be rotated. This design requires
that a frame and driving mechanism be present in each tank where the barrel is
to be retated. The speed of rotetion is normally one revolutien every 3-5
minutes in the phosphating baths used to produce coatings meeting DOD-P-16232.
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4.2.4 Ventilating System. Steam and fumes rising from heated tanks
containing corrosive ligquids must be removed from the vicinity of operating
personnel, The required ventilation is effectively accomplished with built-in
exhaust equipment. The recommended type of exhaust system has a slot-type
opening on the rear of the tanks, air is fed acroas the surface from the front
and provision is made to scrub the fumes exhausted from the rear. The fan
capacity for these unita is based on 200 cubic feet of air per minute for each
square foot of tank surface (1B.6 cubic meters of air for each square meter of
surface). :

4.2.5 Cold Water Rinse Tank

4.2.5.1 Conatruction. The cold water rinse tank is constructed of mild
steel, is provided with & bottom drain nipple, and has & weir type overilow
with discharge nipple.

4,2.5.2 Location. The tank should be lpocated as close as possible to the

phosphatizing tank, thus reducing the time required to transfer the work from
the phosphating sclution to the rinse.

4.2.5.% Water Supply. The water supply to the cold water rinse tank should
enter the tank on the gide of the tank opposite the overflow. The waler
should be delivered close to the bottomr of the tank using a vacuum breaker or
cther means to prevent siphoning of water from fhe rinse tank into the water
line. Heating coils need not be installed,

4.2.6 Chromate Rinse Tank. The chronste rinse tank is constructed of mild
gteel with double walls and insulated sides and ends. It has 8 neating coil
mounted on one side of the tank and a bottom drain. A water inlet for
replacenent of water lost by evaporation is installed at the top of the tank,
This tank should be located adjacent to the cold water rinse tank,

4.2.7 Compreassed Air Outlet. It may be advisable to use cumpressed mir to
remove excess moisture from parts after the chromate rinse or to remove dust
left on grit or sand blaated parts. If compressed sir is to be used, an
outlet should be provided near the area where the air will be used The air
must be free of oil, mpisture, and other contaminants. This can be

accomplished by installing a moisture trap and particulete filter before the
peint of use,.

4.2.8 Preservative 0il Tank. The tank helding the preservative oil can be
constructed of mild steel. The o0il being used may require specific features
which would be unnecessary with other oils. When a water displacing oil is
used, a bottom drain may be required to remove displaced water. Some cil in
water emulsion type oils work best when recirculated continuously with the
emulsion overflowing into a sump from where it is pumped back inte the tank.
Some o0il in water emulsions are used at elevated temperatures to help dry the
parts. In these cases heat must be supplied to the tank.

4.2.9 Automated Immersion Lines
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4,2,9.1 General, The preceeding discussion has covered batch type
operations in which the immersion of the parts to be cleaned, rinsed, or
preccessed was controlled by an operator. In most cases he uses a hoist to
handle the hesvy loads but controls the treatment time and sequences. Many
types of equipment are available in which the parts are transferred from
operation to operation without operator dependence.

4.2.9.2 Types of Automsted Equipment., There are many different designs for
accomplishing the desired results. The most commonly used are of three
genersl types.

Tumbling barrels automaticelly transferred from one station to the next
station

Rotating or oscillating open perferated drums, automatically transferred
from station to station

Horizontal rotating drum with an internal screw which advances the parts
through the drum where they are immersed in the different solutions

4.2.9.2.1 Automated tumbling barrels. The tumbling barrels are basically
the same as those described in Section 4.2.3. The barrel, loaded with parts,
18 placed on the automated system where it is transferred to the processing
stages in the correct order and left in each stage for the proper time before
transfer to the next stage. The results are comparable to a manually
controlled system.

4.2.9.2.2 OQpen retasting or cscillating drums. These sysiewms use drums
which are open at the top making loading and unloading rapid and simple but
the loosely loaded parts are subjected to more asbrasion than when in a closed,
completely filled barrel. Heavy parts with sharp edges may be severely
abraded. To minimize abrasion, parts should be tumbled as little as possible
when not immersed in liguid.

4.2.9.2.3 Horizontal drum with internal screw. An example of this type of
uni1t is shown in Figures 6 and 7. Parts are fed into the rotating drum at the
entrance and are moved forward as the drum rotates. The exterior shell of the
drum i8s solid in the processing and rinse stages. Scoops on the drum pick up
sulution from the tank and tranafer it te the drum where the parls are kept
immersed for the designated time. The shell is perforated in the sections
follewing the precessing and rinse stages permitiing the solution to return to
the tank.

Parts are particularly subject to abrasion when being advanced by the screw
in drain areas where no solution cushions the parts as they are tumbled. The
weight and design of the parts contribute te the severity of the abrasion.

4,2.10 Spray Process Systems. The spray method for application of
phesphate coatings may be used when applying coatings meeting TT-C-490 b
8

~ AL _ 3

never for coatings meeting DOD-P-16232. The spray method is normally u
a conveycrized system.

ut
| -
eu '

<
Lil

The ccnstruction of the equipment for this type of application is complex
and expensive. It is recommended that an experienced equipment builder be
consulted er contracted tc build the equipment to aveoid costly mistakes.
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4.% Phosphate Coating Process

4.3.1 Cleaning and Conditioning Before Phosphating. All parts must be
completely free of 0il, grease, rust, residues, and other contaminants before
treatment with the phosphating solution. The methods used for the removal of
gsuch substances depend on the equipment and facilities available, the Ltype of
ferrous metal of which the parts are made, and their service application. See
Section 2.

Each cleaning medium and each cleaning method, such ss waping, brushing,
abresive blasting, pickling, etc. have different and distinctive effects on
the depth and design of the metal etching and the crystalline structure of the
phosphate coating. This leads to the variations in the corrosion resistance
of the phosphate coatings. Therefore, the conditioning procedures used for
specific parts must be either based on experience or determined by trial. See
Section 3. Several variations in the conditioming processes that tcan be used
sre illustrated in Figure B. The conditioning procedure which includes a
pickle shown in Figure 8 must not be used prior to heavy phosphate coatings
(DOD-P-16232) without authorization from the purchasing facility.

The application of a phosphate finish with maximum corrosion resistant
qualities depends not only on the accurate control of the phosphating
golutions, but, particulerly, on the cleaning and conditioning operations that
precede the application of this coating. Therefore, the conditioning
procedures described below must be observed if the desired results are to be
obtained.

4.3.1.1 For phosphate coatings meeting the requirement of LOD-P-16232,
abrasive blasting of all work is necessary to obtain the best results,
Abresive blasting provides the moat satisfaectery surface for receiving the
phosphate coating and, if properly used, will not change the dimenajions of
most parts, Thin cross-sections and surface smoothness may require special
congideration during proceasing.

4,3.1.1.1 Dust on abrasive blasted work should be removed with compressed
air. It must not be removed by wiping with a cloth or by brushing.
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FIGURE 7 : ROTATING DRUM WITH INTERNAL SCREW (END VIEW)

23



SNOILJO ONINVITD LINA HONILVHISOHd :

8 JUNDIA

Downloaded from http://www.everyspéc.com - £0 24

S1VS
ONINV3IID ONINV3ITD ONINV3ITD
A Tuzivm Je—{OMINOWIONOOL, | Tyzium o fe—{ MO fe—{ w3m e NI
q
S17VS
ONISNIY ONISNIY
< NS |a—] ONINOLLIGNOD|, sy | ONINVITD
(" LoM HLIM ¢ LOH ¢ YNV
ONI1V3INL
ONISNIY
ONISSIIOHI fet - S Lo ONINY 31D
e - VNIV
ONISNIY
- onlLsve | ONINV 3D
- 1149 * mwwma * 1TV NIV
L ) ONILSV 8 ONIS ¥ IHO3C
— 1149 ‘ BOdVA




Downloaded from http://www.everyspec.com

MIL-HDBK-205A

4.3.1.1.2 Abrasive blasted work must not be touched by bare hands. Tlean
cotton or rubber gloves should be used when parts are turned on the blast
table or placed in baskets or racks used for processing.

4,3.1.1.3 Abrasive blasted work must not be deburred or exposed in any
manner to 0il or any substance that will require removal by washing or rinsing
before phosphating.

4.3.1.2 1n most instances, o0il and grease are removed from the work by
vapor degreasing. Hovever, some soaps with rust preventatives and greases
contain substances that are insoluble in the solvents used. These substances
are not removed by vapor degreasing. If these scils are present, other
cleaning procedures have to be used. Vapor degreasing may still be included
in the cleaning sequence to remove the oil and grease.

4.%.3 Proceasing Sequence. Cleaning materials, cleaning procedures,
conditioning and cleaning equipment have been described in Sections 2 end 3.
This section covera the operations that follow the cleaning and conditioning
processes and includes phosphating, water rinsing, chromate rinsing, and the
application of the supplementary preservative coating (Figure 9)}.

4.3.4 Phosphating Proceas

4.3.4.1 Materials. Phosphating materials may be either & manganese-~base or
& zinc-base phosphate chemical. The chemicals can be obtained by spec:ifying
the desired chemical meeting MIL-P-50002 or from commercial scurces which

supply chemicals capable of producing ccatings meeting the requirements of the
apecification called for in the drawving.

4.3.4,2 Preparation of the Phosphating Selution

4.3,4.2,1 Type M and Z ¢ g ths

Z coatings (DO - ce ¢
procedures listed in (a) through (g), for preparation of the phosphating
solution 18 necessary in order to prevent sericus difficully in the initial
gtages of use of the phosphating solution.

~J

(DOD-P-16232)
DOD-P-16232)

oar adharen
er aaneren

(=}

O
r

(a) Fill the tank with water to within 6 inches (15 centimeters) »f the
level at which it will ultimately be operated.

(b} Heat the water to 1609F (710C). Do not exceed this temperature

during the preparation of the solution. This is particularly

important with the zinc-based chemicals as the nitrate content is
higher in these chemicals than in the manganese-based chemicala. The
nitrate may be reduced to nitrite while the ferroua iron content is
low.,

{c} Add the proper emount of phosphating chemical for the desired
solution as shown in Table I or as recommended by the supplier of the
chemical.

(d) Add the required amount of iron to the bath using any of the

procedures given in 4.4.2.4.1.
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(e) Add water to the operating level, stir thoroughly, and remove g
sample of the solution for anaslysis. 3See 4.4.2 for menganese-base
and zinc-base baths,

(f) At this point, it is desirable to continue to use every means at hand
to raise the iron content of the sclution to within the range of 0.2
to 0.4% for the manganese-type solution and 0.2 toc 0.45% for the
zinc-type scluticn. When the iron content of the solution has
reached the lower figure in the concentration range indicated above
and the total acid has been adjusted as indicated in paragraph
4.4.2.1, the s¢olution is ready for use.

(g) The thermostat may then be set between 190°F (889C) and 2100F
(99°C) and the phosphating process may begin.

(h) To maintain the cencentration of iron in the sclution within the
designated percentage, the steam or other heat source should be sghut
off when the solution is not being used to process parts. 1In the hot
splution ferrous iron is oxidized by air to the ferric form which
forms inscoluble ferric phosphate and drops out as sludge.

TABLE 1.
Coating jaterial Quantity
Specifzcation Spec1f1 cation Required®
Type M Type M 62 (16.4)
DOD-P-16232 Composition B

MIL-P-50002
Type 2 Type Z 40 (4.8)
DOD-P-16232 MIL-P-50002

*in pounds per 100 gallons (kg per 100 liters)

The oxidation of the ferrcus iren is accompanied by Aan increase in the free
acid content of the beth because feor every unit of iron oxidized, one unit of
Phosphoric ecid is relemssed into solution. When work is being processed, the
free acid is normally consumed by the diasolving iron as rapldly as 1t is

fr t-naa TID\ABF thooa nAT i Ane thama 18 wmA aoioms i €35 wd Aha thea Fmon
*Ulu“; I i Vllca‘: \-\Jilu-& LAIITy UIIGLG J-a “U al&lll‘ -Lba‘lll \ullﬂllsc Lll \lll‘; 4 4TC

acaid content and the ferrous iron may tend to increase, If the sclulion is
kept hot when no work is being processed, the ferrous irpn may decrease and
the free acid increase. When the use of the phosphating solution is to be
discontinued, for overnight or a longer period, and the heat has been shut
off, water should be added to the sclution until the surface of the soluticn
is 3 to 5 inches (7.5 to 12.5 centimeters) above normal. This reduces the
rates of oxidation by cooling the solution and, at the seme time, prevents
excessive loss of water by evaporstion which normally cccurs during longer
P as ¢

[11]
g/
w
o
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4.3.4.2,2 Type 1 coating (TT-C-490). Preparation of the phosphating bath
is accomplished by following steps {a) through (g).

() Fill tank to within 6 inches (15 centimeters) of the operating level.

(b) Add the proper amount of phosphating material for the desired
golution as recommended by the supplier of the chemical.

(c) add water to the operating level.
(d) Add any edditional chemicals according to the supplier's instructions.

(e) MHeat the solution to operating temperature. The recommended
temperature for immerszion processing is 1B00F to 1900F (820C to
88°C) and for spray processing is 1300F to 1750F (550C to
79¢C).

(f) Stir thoroughly and take samples for analysis. See 4.4.3.

(g) Sodium nitrite accelerator. Wwhen specified in the operation of the
bath, add one ounce per 100 gsllons (7.5 grams per 100 liters) of
sodium nitrite for immersion preocesgssing and two ounces per 100
gallens (15 grams per 100 liters) of sodium nitrite for spray
processing immediately before processing work.

Some phesphating processes make use of accelerators other than sodium
nitrite. The most commonly used of these is sodium chlorate. This material
18 &alable in the concentrated phosphate chemical while sodium nitrite is not.
The fact that no erternzl accelerator is required simplifies the control of
the bath but the costing weights tend to be below the weights required to meet
TT-C-490.

4.3,4.3 Proceosing Procedures

4.3.4.3.1 Type M Coaling {DOD-P-16232).

(a) The work should te completely immersed in the phosphatizing bath and
should be kept between 200° and 210°F (93° to 99°C) for approximately
45 minutes. The chemical reactions involved in the formation of the coatings
release hydrogen gas. The viaible evolution of gas normally ceases within 15
minutes but the paris should be left in the precessing solution for 45 minutes
to produce ceoatings with the maxaimum corrosion resistance.

(b} Unless previcus experience with parts of like composition and
pretreatment indicale otherwise, a continuation of visible gassing beyond a
pericd of 15 minutes may be an indication of high acidity, high iron content,
or pocr cleaning. 1n such cases, the parts should be removed from the bath,

thorcughly rinsed, and prepared for reprocessing as outlined in paragraph
4.1,2.0,

(=} Werk loads should be ms large as possible and -the interval dbetween the
remcval of cne lead from the solution and the introduction of the next load
shoulé be as s*crt as pessible. 1t 1s much more advantageous, from the
standpeint ¢f aclution control, to operate the solution steadily for one day,
than tc spread vne day's work over two days.
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{d) Evaporation losses should be replaced at least twice during the
procesaing of each load of work if no provisions for automatic level centrol
are available, The electronic level controller is superior to the mechanical
float type in the phosphating sclution, becsuse layers of phosphate scale form
on the floats and other mechanical parts of these devicesa., Water should be
added in frequent small quantities rather than in infrequent large quantities.

{e) Shaking the work at intervals during processing minimizes contact
marks. It also ensures the escape of ges, which might collect in blind holes
or cavities and cause a poor or spotty finish.

4.3.4.3.2 Type Z coating (DOD~P-16232).

(a) The temperature of this sclution should be maintsined at 190¥ tc
2050F (88° to 96°C). It is best to establish a temperature and maintain

it so that less than a S5O0F {30C) weriation will occur. The solution
should not be allowed to boil.

{b) The clean work is completely immersed in the soluticn for approximately
30 minutes. Shorter immersion pericds produce coatings with a suitable
appearance but such coatings usually have substandard corrosion resistance.
Longer immersion in the phosphating solution will not provide a significant
imprevement in corrosion resistance.

(c) The processing is continued as in paragraph 4.3.4.3.1 (c) through (e).

4.3.4.3.3 Type I coating {TT-C-490).

{a) Metals being prepared for this coating should be cleaned by vapor
degreasing, emulsion cleaning, or alkaline cleaning., In some insatances it may
be desirable to clean with phosphoric acid 1n accordance with Method VI of
TT-C-490, using phospheric acid solution complying with MIL-M-10578. After
cleaning, the metal must be rinsed with water to remove eny solution on the
surfaces. Carrying cleaning solution into the processing solution will
destroy the chemical balance of the solution. This can result in excessive
use of chemical and/or loss of the ability of the sclution to produce
satisfectory coating. If a strong slkaline cleaner or phosphoriec acic 1s used
in the cleaning sequence, a conditioning agent (Section 3} should be used )
following the water rinse. It should be noted that baths have been developed
that operate at relatively low temperatures, e.g, 100°F, for energy counser-
vation.

{b) When treating parts by immersion, the properly cleaned parts should be
immersed for s minimum of three minutes in the phosphating solution. The
temperature at which the processing solution is operated should no! be allowed
to vary more than 5°F (30C), This temperature is eatablished for each
installation and may vary from 1300 to 1659F {550 to 759C) in spray
installations and from 180° to 190°F (82° to BBOC) in immersion
installations. Fluctuations of more than 59F {3°C) will tend to produce
unsatisfactory results.
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4.3.5 Vater Rinsing

4.3.5.1 lmmersion Water Rinsing. The water in the immersion rinse tank is
unheated and immersion time should be about one minute. Agitation of the work
in the rinse water is more effective than additional time for thorough
rinsing. The most effective rinsing is obtained by raising the parts cut of
the rinase water and reimmersing them two or three times. The rinse water must
overflow continuously while being used. The tank should be completely drained
daily and filled with clean water, Use of double counter flow rinses should
be congidered for reduction of water consumption and more effective waste
treatment of smaller volume rinse effluents.

4,%3.5.2 Spray Water Rinsing on Immersion Processing Lines. The time lag in
the tranafer of work from the phosphating tank to the immersion rinse tank
should be as short as possible to prevent the phosphating solution from drying
and "setting up" on the surface of the work. This "getting up” is most
effectively prevented if 8 cold water rinse is applied immediately after the
work is lifted out of the phosphating sclution by either of the methods
described below:

{a) Install a system of sprey nozzles positioned along the front and rear
edges of the phoaphating tank. These nozzles should be approximately two feet
(60 centimeters} above the top of the tank and so directed that the cone of
the spray will fall within the confines of the tank. The sprays should be
controlled by & foot operated valve positioned such that it and the power
hoist used to 1ift the work from the tank can be operated simultaneocusly by
one man. After being phosphated for the required time, the work is slowly
raised from the gclutien through the cocld water spray &and then transferred to
the immersion rinse tank.

(b) 1f a permanently installed tank spray system is not avaiamlble, the work
can be hand sprayed by means of a hose and attached nozzle.

(c) It is desirable to spray the parts until they are cool but the volume
of water required may cause the phosphate solution to overflow. By using
nozzles with the minimum flow rate which gives complete coverage, the
phosphate sclution on the parts can be removed 20 that no "setting up™ of
phosphating chemicals cccurs even when the part is still hot when the aprays
are shut off.

4.%.6 Chromate Rinse

4.3.6.1 Rinses Controlled by Free Acid. The chromate rinse plays & very
important role in the corrosion resistance of the phosphate coatinga, This
rinse can be prepered by dissolving 8 ounces of chromic acid (Cr03) or 4
ounces of chromic acid and 4 ounces (by weight) of 75% phosphoric acid
(H3PO4) in 100 gallons {60 grams of chromic acid or 30 grams of chromic
acid and 30 grams of 75% phosphoric acid per 100 liters§ of water. These
baths are normally controlled by titrating the free acid (see paragraph
4.6.2.3). A constant free acid concentration is maintained by additioms of
chromic scid or equal parts by weight of chromic acid and 75% phosphoric
acid. The corrogion resistance offered by rinses prepared in thies manner vary
from plant to plant. Hexavalent chromium is the major contributor to the
corrosion protection provided by the rinse which will vary with the amount of
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hexavalent chromium present in the rinse. The alksalinity of the water
available varies widely. Larger amounts of acid, and thus the hexavalent
chromium, are required where the alkalinity of the water is high in orcer te
obtain the gsame free acig,

4.3.6.2 Rinses with Controlled Chromate. The problem of varying hexavalen!
chromium levels can be sglved by the use of commercieslly available solutions.
These are used to build up and maintain a constant chromate concentration in
waters with varying slkalinities by means of two soclutions. One is a asolution
of chromic acid and the other a solution of a dichromate salt (usually a
calcium salt). The control procedures will be furnished by the supplier of
the chemicals and should include & test for hexavalent chromium and pH or free

X
8C14.

4.3.6.3 Rinses Containing Trivalent Chromium. Rinses containing trivalent
chromium (U.S. Patent Nos. 3,222,226 and 3,279,958} sre available which may or
may not contain hexavalent chromium, These rinses, when properly contrelled,
can be followed by a water rinse {deionized water ia preferred) without
reducing the benefits provided by the chromate rinse. This mekes possible the
removal of any soluble salts which can cause problems under paint. See
4.8.4.2. This type of rinse is normally used with processes meeting TT-C-490.

4.%3,6.4 Chromium Free Rinses. Proprietary rinses which contain no chromate
are available for use over phosphate coatings meeting TT-C-490. These are
used where there are no provisions for disposing of the chromate salts and
where anodic or cathodic paints, which can be harmed by the chromate aalts,
are being usged.

4.3.6.5 Temperature. The temperature at which the chromate rinse :s
operated can vary widely and is frequently selected on the basis of what as
needed to obtain dry parts. Many perts are sufficiently massive to retain
enough heat from a hot chromate rinse to cause the parts tc dry with no
further treatment other than to remove any chromate solution from recessed
aress, 1n these cases the chromate rinse is maintained at the temperature
required to obtain dry parts. When the parts are made of thin sheet metal an
sdditionsl drying stage may be required in which case the temperature of the
chromate rinse is not important but temperatures below 1300F (550C) are
seldom used.

P 1

4.3.7 Drying. After tne work is removed from the chrcmate rinse, it must
be thoroughly dried before the finsl finish is applied unless a water

displecing o0il is used. Even when the latter type of o0il 13 used, mest of the
moisture should be removed from the parts before they are placed in the oil.
Parts being finished with a Type 1 finish {TT-C-490) nust not be ciled. Heavy
parts which retain heat will dry spontanecusly when removed from a hct
chromete rinse. Thinner metal parts may require & heated dry off. However,
the temperature of the dry off should not exceed 225°F (107°C) with
DOD-P-16232 Type Z coatings or 3750F (190°C) with DOD-P-16232 Type M

coatinga, Small parts phosphated in tumbling barrel unitis may be dried
conveniently by centrifuge, preferably equipped with heated mir circulation.
The last traces of moisture can be removed from parts which are to be ciled by
dipping them in s water displacing oil.
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4.5.8 Preservative 01l Dip., The preservative ¢il dip is used only on parts
coated to meet DOD-P-16232. The parts should be ciled as scon as possible
after phesphating. The parts should be dried before oiling. However, the
degree of drynesa required varies with the type of oil used.

Water displacing oils can be used on parts with damp areas where the
dry-off has not removed all traces of moisture. For the best corrosion
resistance the water displacing 0il should be followed by a rust

preventative oil.

Other 011s require that the parts be thoroughly dry before dipping in the
cil.

4.3.9 Finish for TT-C-490 Type 1 Coatings. Parts given a Type 1 (TT-C-490)
coating are to receive an organic coating and must not be oiled. Parts to be
painted afler assembly or Lo be held for a period of time should be given a
prime coat of paint immediately after phosphating.

4.4 Maintenance of the Phosphating Tank and Chenmical Control of the
Phosphating Solution

4.4.1 Maintenance of the Phosphating Tank

4,4,1.1 Sludge Removal. 1In the normal operation of the phosphating
process, a8 quantity of sludge 13 formed. This sludge consists primarily of
ferric phosphate. However, in the operation of the process, partially soluble
iren and zine or manganese phosphatea are also formed. These compounds act as
buffers in atubilization of the iron, zinc, and free acid of the solution.
Complete removal of these compounds from the solution permits large
fluctuations in the concentration of the constituents of the solution.
Therefore, sludge should not be completely removed from the tank. A
satiafactory method consists of removing a small portion with a hoe each day.
This prevents drastic changes in the solution and disturbance of work
schedules. In addition, the sludge should be stirred into the cold sclution
before turning cn the heat when starting production.

4.4.1.2 Level Control, Thermo-regulator Bulbs and Temperature Regulators.
Level c¢ontrols, thermo-regulator bulbs and temperature regulators must be
removed periodically and all scale removed from the surfaces exposed to the
solutions., 1In no i1nstance should any regulator or other device constructed of
lead, copper or its zinc end tin alloys be used in the phosphate solution.
Only stminless steel or glass equipment should be used.

4.4.1.3 Coils. Scale on the coils may be removed by the use of a tool or
with the aid of chemicals. Scale may be removed quickly by means of a tool
shaped to the contour of the coil and a S5 pound air hammer.

CAUTION: Eye protection should be worn when removing
scale in this manner,

The scale on coils can be removed more easily if the scale is heated before
removal is attempted. A simple way of heating the scale is to run steam
through the coil while it is not immersed in the solution. (If the tank is
emptied, the coil cen be heated in place.)
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Heating coils for the zinc-base phosphating solutions may be cleaned
chemically as indicated in (a) through (d) below:

(a) Remove the coil from the phosphating sclution and place it in a narrow
pild-steel tank just large enocugh to accommodate the coil with about three
inches (7.6 cm) of clearance on all sides.

{b) Attach the coil to & steam line.
(¢) Pill the tank with a sclution of the following composition:
Rochelle Smits

Caustic sods 15
Water 10

15 pounds (6.82 K,)
0 pounds (68.18 K,)
0

pounds (45.45 Kg)

{d) The steam in the coil must be regulated so that the solution is
maintained just below the boiling point. An sutomatic temperature control is
required to avoid hazardous boiling of the highly caustic solution. The hest
tranafer efficiency of the coil increases ag the scale is dissolved and
adequate manual control is nearly impossible,

Immediately after being cleaned, the coils should be rinsed with & hose,
followed by immersion in a water rinse tank. The cleaning solution will
gradually lose its strength and a heavy sludge will accumulate on the bottom
of the tank. When this interferes with the coil cleaning, the sclutien should
be discarded, The cleaning solution, when ready for dispesal, contains s
large amount of caustic sods and phosphates of iron and zinc plus the Rochelle
salts. The disposal of the sclution must comply with all government, state
and local regulations concerning waste disposal.

CAUTION: Protective clothing and face and eye
protection must be used by operators working
with this material.

4,4.2 Control of Phosphating Scolutiona. The manganese - base phosphate
solution is used in producing heavy manganese phosphate coatings and Lhe
zinc-base phosphate solution is used in producing heavy zinc phosphate
coatings. These coatings meet the requirements of DoD-P-16232, Type M and
Type Z respectively. The phosphating baths should be operated in the

concentration ranges recommended in Table 2. The control measure for

E—R oL Eg L A 2l wa =L cioud

ad justing the concentratlons are given in the following paragraphs:
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TABLE 2

Recommended Concentration Ranges

Phosphating Solution

Manganese-Base Zinc-Base
Free Acid, points(ﬂ) maximum 5.0 5.5
Total Acid, points(s) 26 to 30.0 26 to 30.0
Free Acid to Total Acid Ratic
Minimum l to 5.5 1l to 5.5
Optimum 1 to 6.0 1 to 6.0
Iron (ferrous), percent 0.2 to 0.4 0.2 to 0.4

(a) One point equals ! ml of C.1 N NaOH per 10 ml asample.

4.4.2.1 Total Acid. The totel acidity of the phosphating sclution is
maintained as follows:
ate sclution - add a solution of manganese
trate and phoaphoric acid.

Hanganese - base phosph
rhosphate, manganese ni

Zinc - base phosphate solution - add a sclution of zinc phosphate, zine
nitrate end phosphoric acid.

The total acidity of these baths is maintained within the limits shown in
Table 2. Small deviations are mainteined by frequent small additions of the
above sclutiens., The amount of chemical required to incresse the total acid

one point is 2.1 pounds per 100 gallons for the manganese - base phosphate
golution when using the chemical conforming to MIL-P-50002 Type M,
Composition B, and 1.5 pounds per 100 gallons for zinc - base phosphate
solution when using the chenical meeting MIL-P-5002 Type Z. When material
not covered by specification is used, this information may be cobtained from
the supplier. It is advissble to add the phosphating chemical in amall
frequent additions rather than larger infrequent additions. The bath should
be stirred thorougly after the sddition of chemical.

4 4.2 2 Free Arid Mzintenance ef the free

HeFTel el o 4 AT diwaie =SR] wiiv &

great impertance in the reactions involved in the coating formation. The fre
acidity which tends to rise due to dissociation of the dihydrogen phosphate
salts in water, reaches a point where excessive etching of the work may
occur. This condition is generally accompanied by inability to produce &
complete coating within the normal processing period. Severe hydrogen
embrittlement may be encountered as a result of the large amount of hydrogen
formed when this condition arisea, High free acidity is caused by the
following:

antTiundinan i af
SluUiln 158 C1I

(a) Prclonged idle periods during which the bath is heated but no work is
processed.

{v) Overheating the sclution.

(¢) Processing small loads of work in a relatively large volume of
solution,
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Should the free acidily rise above the range designated, ccrrections should
be made. The method used will depend upon the concentration of the ferrous
iron as described in the two methods below.

4.4.2,2.1 If the iron content is near or appresching the upper limits, add
B ounces per 100 gallons (60 grams per 100 liters) of manganese carbonate
(manganese - base phosphate) or B cunces of zinc carbonate {zinc - base
phosphate)fcr every point of free acid above the desired level. Manganese
carbonete {for manganese-base phosphate solution) or zinc carbonate (for
zinc-base phosphate solution) should be weighed, placed in a bucket, water
added and mixed thoroughly. The resulting slurry should be stirred well and
distributed over the solution surface. This treatment will reduce the free
acidity but it may have to be repeated several times before the free gcid
remaing within the desired range.

4,4.2.2.2 1If the iron content of the sclution is in the lcwer part of the

recommended range or below, the free acid can be reduced by processing iron as
described in 4.4.2.4.1.

4.4.2.% Total Acid to Free Acid Ratio. The ratio of total acid to free
acid should be maintained above the limit of 5.5 parts total acid (i.e., free
acid plus combined acid) to one part free acid. The ratio, for most rapid
coating action and best corrosion resistance, should be held ai{ approximstiely
6 parts totael acid to 1 part free acid. Should the free acidity tend to drop,
the cause is usually contamination of the bath with alkaline cleaning salts.
The source of the contamination must be located and eliminated. If the low
free acid is causing poor cosastings, it may be necessary to discard the
contaminated phosphate bath and begin egain with a new phosphate sclulicen.

4.4.2.4 Ferrous Iron

4.4.2.4.1 Low ferrous iron. Ferrous iron can be introduced into the
phosphating solution te build up a new solution or to raise the concentration
in an existing bath by dissolving iron in the processing solution. The source
of the iron is.not important and the most readily availeble and cheapest
gource can be used providing it is clean or can be cleaned before it is
immersed in the processing solution. Rusty metal should be pickled and
thoroughly rinsed before being used. Steel wool, cast iron chips, scrap
ateel, and steel shavings can be placed in baskets and immersed until vigorous

gassing ceases. Wo harm is done by leaving the irom in the phosphate solulion
after gassing ceases, but little iron will be dissolved after this point is
reached. Iron powder and steel dust are best added by plecing » cloth across
the top of the tank so that it is 2 to 3 inches (5 to 7.5 centimeters) below
the sclution surface and scattering the powder or fine grit onto the solution
gurface. Additions should be at a rate which maintsins vigorous gassing.

When finished, remove the cloth and discard any material remaining on it. One
pound of iron dissolved in 100 gallons (120 grams per 100 liters) will raise
the ferrous iron content 0,12%. When introducing iron into a newly prepared
phosphating solution, the instructions for temperature given in 4.3.4.2.1
should be observed.
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4.4,2.4,2 High ferrcus iren. While processing work, the iron which is
dissolved during the coating action may cause the concentration of the ferrous
iron to increase and eventually exceed the maximum level shown in Table 2.
The concentration of the ferrous iron should be reduced before the marimum is
reached. The ferrous :1ron content can be lowered by the addition of an
oxidizing agent such as hydrogen peroxide, If the ferrous iron content is
lowered in this manner 1t 13 essential that manganese carbonate (for manganese
- base phosphate sclution) or zinc carbonate ( for zinc - base phosphate
sclution) be added to neutralize the phosphoric acid when ferrous phosphate is
oxidized to form insoluble ferric phosphate. The additien of 0.5 pounds of
354 hydrogen peroxide to 100 gallons of processing solution (60 grams per 100
liters) will lower the ferrous iron 0.05%.

CAUTION: 35% hydrogen peroxide is a hazardous material
and the precautions given by the supplier
must be cobserved.

The hydrcgen peroxide should be diluted with water before being added to the
phosphating solution. For every mdded unit of weight of 35% hydrogen
peroxide, two units by weight of manganese carbonate (for manganese - base
phosphate solution) or two units by weight of zinc carbonate {for zinc - base
phophate solution) should be added. The manganese carbonate or zinc carbonate
should be separately mixed with waler to form a slurry before addition to the
phosphating solution, (Do not mix the hydrogen peroxide with either the
manganese or the zinc carbonate.) No more than 0.05% ferrous iron should be
removed at one time using this procedure.

An alternative melhod tc lower the ferrous iron concentration consists of
discarding a portion of the bath, and restoring the bath to the proper total
acid frllowing reatorastion of the level of the bath with water that has been
Lﬁt’.‘n‘*ﬁu‘ﬁxuy mixed into the bath. This method I‘V‘QUI?ES proper treatment of the

discarded solution prior to disposal.

4.4.2.4.3% Ferrous iron va, nitrite accelerator. If a bath which is thought
to contein ferrous iron is milky in appearance or a sharp end point is not
achieved when testing wath potassium permanganate, the bath may contain
nitrite insatead of iron.

4.4.3 Contrel of Paint Base Zinc Phosphate Baths (TT-C-490 Type 1).
Zinc-based phosphate bpaths designed to produce coatings used &8s a base for
paint {TT-C-490 Type I) are used 1n immersion applications and by spraying the

solution on the work which is enclosed in a tunnel. With few exceptions these
baths operate with mitrite as an accelerstor and with no ferrous iron in the
batha. The fact that the sodium nitrite is converted to volatile gasses in
the phosphate solutions requires substantial differences in the control of
immersion and spray processes and the instructions for their control will be
given separately. See sections 4.4.4.1 and 4.4.4.2.

hich do not u: e

seldom used on 1tems be1ng procured by the m111 ary and their control will not
be covered in this manual. If these processes are being used, the control
procedures will be furnished by the supplier.

as the accelerator are
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4.4.3.1 Contrel of lmmersion Type Processes. As work is processed in the
splution, metallic acid phosphates, nitrates, and free phosphoric acid are
" consumed in the formation of the coatings. The bath must be replenmished from
time to time with the phosphating chemical. Frequent small additions of the
phoaphate chemical will produce more uniform work than occasional large
additions., Not more then one point variance should be amllowed. The processes
are controlled by the operating temperature, the absence ¢f any ferrcus iren,
the total acid, and the free acid {in decreasing order of importance).

4.4.3.1.1 Temperature. Operation of these baths below 1700F (760C}
greatly increases the risk of ferrous iron accumulation in the bath.

Operation above 190°F (B8°C) is not harmful but increases the cost of
operation. The temperature should not be permitted to vary more than 50F

(30C),

4.4.3.1.2 Absence of ferrous iron and presence of nmitrite. For proper
operation of these baths, some nitrite and no ferrous iron must be present.

4.4.3.1.% Total acid. The total acidity of the bath should be maintsined
at 19 to 21 points. The emount of phosphating chemicals to incresse the total
acid 1 point can be obtained from the asupplier of the chemical.

4.4.3.1.4 Free acid

4.4,3.1.4.1 High free acid. Free acid values above 5.0 in & 20 pein! bath
may cause poor coatings. They are normally caused by excessive loss of
proceasing asolution due to leaks or drag-out of solution on the parts being
processed. The losa of solution should be corrected and the free acid lowered
by addang sodium hydroxide {or soda ash). The free mcid wxll be reduced 1.0
points by the addition of 5.4 ounces of sodium hydroxide or 7.6 ounces of soda
ash per 100 gallons of solution (40 grams of sodium hydrox:ide or 56 grams of
soda ash per 100 liters). The sodium hydroxide or soda ash must first be
dissolved in water to form a dilute solution before being added to the
phosphate sclution.

Another source of high free acid which is occasionally encountered occurs
when pickling sclution is carried into the phosphate solution. The source of
the contamination should be determined and corrected and the free acid
adjusted with sodium hydroxide (or soda ash) as in the previous paragraph.

4.4.3.1.4.2 Low free scid. If the free acid drops below 2.5 in a 20 poaint
bath, the most frequent cause is contamination by alkaline cleaner salts. Any
contamination should be eliminated, Normally, the bath will restore itself to
a proper free acid level after a few hours of operation and nc further
ad justments should be necessary. If the free acid drops below 2 it may be
necessary to discard the bath and prepare a new sclution. If the bath is
discarded, make sure that all waste disposal compliance requirements are met.

4.4.3,2 Control of Spray Type Processes. As work is processed in the
selution, metallic acid phoaphates and free acid are consumed in the formaticon
of the coatings as in the immersion trestment. Control of the spray type
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processes differs frow that for the immersion type due to the neceasity of
continuously adding sodium nitrite to replace the nitrite which is volatilized
as the solution 3s sprayed. Unless corrective steps are taken, the sodium
accumulates in the bath and the zinc decreases if the total acid is maintained
at & constant value, A satisfactory bath can be maintained based on the total
acid control if one nitrate ion is added (nitrate is contained in the zinmc
phosphate chemical) ‘for each sodium ion added as sodium nitrite. (U.S,
Patent, 2,351,605-R.C. Gibson.) For best results, both the phosphate chemical
and & sclution of sodium nitrite are added by means of amall pumps capable of
feeding small measured amounts of chemical.

The apray type processes are controlled by the total acid, nitrite, the free
acid and the temperature (in decreasing order of importance).

4.4.3,2.2 Total acid, The total acidity of the bath should be maintained
at 14 to 16 points. The supplier of the chemical will advise as to the amount
of chemical required to increase the total acid one peoint,

4.4.3.2.3 Accelerator (nitrite). Sodium nitrite accelerator must be added
continuously while processing parts in a spray process. {Avoid operating the
sprays and adding scdium nitrite when no work is being proceased.) The
concentration of the accelerator should be maintained at the lowest level
vhich will produce a satisfactory coating., This level is normally between 0.5
and 2.0. 1f it 3s determined that concentrations above 2.0 are required,
refer to the discussion below under free acid (4.4.3.2.4). The problems due
to improper free acid {high or low) are frequently counteracted by increased
accelerator concentrations at the expense of using needlessly large amounts of
chemical,

4.4.3.2.4 Free acid. The factors which affect the free acid in immersi¢n
type processes also affect the free acid in spray type processes. In
addition, in spray type procesges, the continuous additions of sodium nitrite
can cause high or lov free acid depending upon the composition of the
phospheting chemicael and ratic of phosphating chemical to sodium nitrite being
used.

Frequently it is observed that satisfsectory coatings can be obtained by
operating with the asccelerator at a higher level. While this produces
satisfactory coatings, 1t does so at the coast of excessive usage of chemical,

4.4.3.2.4.1 Low free acid. Low free acid in the processing bath will
develop if fewer ions of nitrate are furnished by the phosphsting chemical
than are necessary to compensate for the sodium iona being added as sodium
nitrate. Low free acid values may also occur if exceas nitrite is present in
the phosphating chemical in the form of zinc nitrate,

The correction of low free acid due to either of these problems requires
formulation of the phosphate chemical concentration by the supplier.

4.4.3.2.4.2 High free acid. If the free acid i1s high encugh to give an
scid ratio lower than 1 to 10 {i.e., 1 to 8) it may be difficult or imposaible
to cobtain a satisfactory coating., The free acid can be lowered with sodium

------------
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The high free acid values are normally the result of one of two condisions.
If processing scolution is lost due to leaks or is dragged out on the parts
being processed, the problem of high free acid and high consumption can be
corrected by eliminating the solution losses. If the phosphate chemical
concentrate contains excess nitrate as nitric acid, the problem can be
corrected by the supplier of your chemical by reformulating the material.

4.4.3.2.4.4 Temperature. The spray type process will operate
satisfactorily at temperatures ranging from 1300F to 1600F (55°C to
700C). The solution must be kept at the established temperature within
50F (3°C)} in order to produce cunsistent coatings.

4.5 Maintenance of the Chronate Rinse. During operation of the chroaate

5 B tiogn cauaasn tha anlta woaant the un#av- I'n hannmn mnwa
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concentrated., In addition, chemicels dissolved from the coatings accumulate
in the chromate sclution. These salts will be present in the solution and can
dry on the work as it is removed from the chromate rinse. If present in
sufficient quantities, failure in performance can result.

4.5.1 Control of the Chromate Rinse. The chromate solutions are controlled
with a free acid test combined, in some cases, with a test for hexavalent
chromium. A total acid test may be used as a guide for discarding the bath as

S 2 my, £ habh £ 3 A bamk ned o
discussed above and in section 4.5.2. 1e use ¢I obun & 1ree aCid tiesi ana &

hexavalent chromium test permits excellent control and consistent results but
requires the use of two chromate concentrates with different acidities. These
are available from most suppliers of phosphate chemicals.

4.5,1.1 Free Acid. The free acid concentration is normally maintained at
about 0.% point with values as low as 0.2 and as high as 1.0 being used
occasionally.

4.5.1.2 Hexavalent Chromium. The te

s Az 2 1 1] =3
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and optimum concentration will be

4.5.1.3 Total acid. The acid is used as an indicator as to when to discard

the bath. For further information see the first paragraph of this gection
(4.5) and paragraph 4.6.3.

4.5.2 Disposal of Chromate Solutions

4.5.2.1 These solutions, due to evaporation, mccumulate salts present in
the water and a amall amount of the dismsolved coating. W¥When exceasive amounts
of these contaminants are present, they can cause failure of the {inighed
parts. To prevent failures, all rinses must be discarded whenever they become
contaminated. The final rinse shall be checked at least weekly snd shall be

discarded when the totel acid reading rises to more than 7 times the free acid
reading.

4.5.2.2 Common methods for determining when to diascard the chromate
solution are based on the free and/or total acid values. Discsrding is
recommended when the total acid exceeds an eatablished value or divided by the
free acid exceeds an established value.

These methods of determining when to discard the solutions frequently require
discarding sclutiona which are capable of producing satisfactory results.
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4.5.2.3 The cest of the chemicals 19 swmall and the cost of preparing new
solutions is relatively minoer. However, since the spent sclutions usually
must be treated to comply with waste disposal regulations (see paragraph
4.5.2.4), the cpst to accomplish compliance requires that the baths not be
discarded more coften than necessary. The best procedure to use with a
particular bath is tc extend the time of use one shift at a time while testing
all work processed. When it has been determined that process failures begin
to ceccur after a given pericd of use, then set up a schedule for discarding
the solution before this failure peint is resched.

4.5.2.4 Waste Disposal. The method of disposal of chromate solutions
depends on the local waste disposal regulations and is beyond the scope of
this handbook. Generally it will be necessary to reduce the hexavalent
chromium to trivalent chromium, precipitate the trivalent chromium, separate
the precipitate from the liquid, and adjust the liquid to the proper pH.

The liquid can, in most cases, be discherged into the sewer but the
precipitated trivalent chromium is normally shipped to a land fill site.

4.6 Chemical Analyses of Phosphating and Chromate Rinsing Solutions

4,6.1 Anmlytical Reagents. 1t is recommended that reagents required in the
analysis of phosphating compounds be requisitioned i1f available from chemical
supply houses, These are already made up to the proper strength. If local
laboratery facilaties are available, sclutions may be made up as outlined in
(a) through (j) below.

(s} Methyl orange-xylene cyanole indicater: Dissoive 1 gram methyl
orange and 0.14 gram xylene cyancle in one liter of deionized water.

(b) One percent phenolphthalein indicator: Dissolve 1 gram
phenolphthalein in 100 ml of alcohel.

(c) One percent bromcresol green indicator: Dissolve 1 gram bromcresol
green in 100 ml of alcohol.

{(d) 0.4% bromphencl blue indicator: Dissolve 0.4 gram of bromphencl blue
in 6 ml of 0.1N sodium hydroxide diluted with B m] of deionized
water. When completely dissolved, dilute to 1000 m}l with deionized
water.

(e) Sulfuric acid, HpS04, 6 Normal: Sulfuric acid 6 N is made by
adding 1 peart by volume of concentrated sulfuric acid to 5 parts by
vclume of water.

CAUTION: Always add the mcid to the water, Heat is
generated when the acid mixes with water and
protective clothing and eye and face
protection should be worn when making this
material.
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(f) Sodium hydroxide, 0.1 Normal: Dissclve 4.0 grams of C.P. sodiunm
hydroxide in deionized water and dilute to one liter. Standardize by
titrating equal voclumea ¢f 0.1 N potassium acid phthalate,

KHCgH40,4, &nd the sodium hydroxide, using phenolphthalean

indicator to a pink end point. The solution of sodium hydroxide must
be diluted with deionized water or strengthened by edding a
concentrated soluticon of sodium hydroxide, until the concentration 1is
ad justed to 0.1 Normal.

(g) Potassium acid phthalate, 0.1 Normal: Weigh exactly 10.2 grams of
carefully dried, chemically pure potassium acid phthalste (National
Bureau of Standard Sample No. 84d) and transfer to a 500 mililiter
volumetric flask. Dissolve the salt in the flask, dilute to 500 ml,
and mix thoroughly. The resulting solution may be considered as
being 0.1 Normal.

(h}) Potassium permanganate sclutien, KMnO,s, 0.18 Normal: Weigh 5.66
grams potassium permanganate and dissclve in deionized weter and
dilute to a total volume of 1 liter. Mix well and sllow to stand in
a dark bottle for a week. Siphon off the clear solution (or filter
through an asbestos filter) and standardize against known samples of
pure iron wire, previously weighed and dissolved in sulfuric acid, in
absence of air. Titrate-the sample of iron sclution with the KMnO 4
sclution to a pink end point, and record the number of mls used.
Calculate as follows:

Grams of pure iron in sample x

purity of iron divided

= Nomality of KMnQ4
by Mls of KMnO4 x 0.0558

Store in absence of light.

(1) Potassium permanganate solution, KMnO,, 0.042 Normal: Prepare as

above using 1.32 grams of potassium permanganate or dilute 233 ml of -
the 0.18 N KMnO4 solution to 1 liter with deionized water and mix
thoroughly. Store in the absence of light.

(j) 4,4' brpyridine paper: Dissolve 1 gram of 4,4' bipyridine in 100 ml
of ethancl, Wet pieces of filter paper and allow the paper to dry.
Cut the paper into convenient size strips and store in a closed glass
jar.

4.6.2 Free Acid. The proper procedure for determining the free acid
depends upon the solution being tested. Select the proper procedure as
described below.

4.6.2.1 Free Acid in Phosphate Baths Containing Ferrous Iron. Using a 10
ml volumetric pipette, transfer a 10 ml sample of the solution te an
Erlenmever flask or beaker. Add 3 drops of methyl orange-xylene cyancle
indicater. Titrate with 0.1 N sodium hydroxide. The end point is a gray to
greenish-gray color. Record the number of mls of 0.1 N scdium hydroxide
used. This number 1is the number of points of free acid in the solution.
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4.6,2.2 Free Acid in Phcsphate Baths Containing Nitrite. Using a 10 ml
volumetric pipette transfer & 10 ml sample of the solution to an Erlenmeyer
flask or beaker. Add 5 dreps of bromphencl blue indicator. Titrate with 0.1
N sodium hydroxide. The end point is reached when the yellow just changes %o
bluish-green by daylight or blue-violet by incandescent light. Record the
number of mls of 0.1 N sodium hydroxide used. This number is the number of
points of free acid in the solution.

4.6,2.3 Free Acid in Chromate Rinse Solutions, Using a 25 ml volumetric
pipette transfer a 25 ml sample of the sclution to an Erlenmeyer flask or
veaker. Add 4 drops of bromcrescl green indicator. The selution should
remain yelleow, If it turns green or blue there is no free acid present, and
additional chemical is required. When the solution remsins yellow, titrate
with 0.1 N sodium hydroxide. The end point is the appearance of a permanent
green color. Record the number of mls of 0.1 N sodium hydroxide used. This
number is the number of free acid points in the solutien.

4.6.% Totel acid, The procedure for determining the total ecid depends
upon the solution being tested, Select the proper procedure as described
below.

4,6.%.1 Total Acid 1n Phosphate Baths. Using a 10 ml volumetric pipette
transfer & 10 ml sample of the solution to an Erlemmeyer flask or besker. Add
5 drops of phenclphthalein indicator. Titrate with 0.1 N sodium hydroxide.
The end point is & permanent pink color. Record the number of mle of 0.1 N
sodium hydroxide used. This number is the number of peints of total acid in
the selution.

4.6.3.2 Total Acid in Chromate Solutions. Using a 25 ml volumelric pipetle
transfer a 25 ml sample of the solufion to an Erlenmeyer flask or beaker. Add
5 dropa of phenolphthalein yndicator., Titrate with 0.1 N sodium hydrexide,
The end point is the sppearance of a red or purple color. Record the number
of mla of 0.1 N sodium hydroxide used. This number is the number of points of
total acid in the sclution.

4,6.4 Delermination of Nitrite and Ferrous Ilron. Both nitrite anl ferrous
iren react with potasgssium permanganate in an acidic sclution and either may be
present i1n 8 phosphate solution. This is seldom s problem in the manganese
phosphate type baths as nitrite seldom develops in these baths, In the zinc
phosphate type baths {and particularly those used tc¢ meet the requirements of
TT-C-490), either material may be present and the potassium permanganate
titration does not indicate which cone is present. Therefore, a positive test
for one or the pther is desirable. The presence ¢of ferrous iron can be
determined by wetting a strip of paper impregnated with 4,4' bipyridine (see
paragraph 4.6.1) with the phosphate solution. PFerrous iron is present if the
paper turns pink or red. 1If the paper does not change cclor, and the
scidified sample reacts wiih potassium permanganate, nitrite cen be assumed to
be present, There is no simple test for the positive identification of
nitrite but under the above conditions, it can be assumed that it is present
in a phecsphate solutien.
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4.6.4.1 Ferrous Iron. Check for the presence of ferrous iron with paper
immersed with 4,4 bipyridine. If the paper does not change color see
paragraph 4.6.4.3. If the paper turns pink cr red use & 10 ml volumetric
pipette to transfer a 10 ml sample of the phosphate solution into an
Erlenmeyer flask or beaker and add 10 ml of 6 N sulfuric scid., Titrate with
0.18 N potassium permanganate. The end point is & permanent pink color.
Record the number of mls of 0.18 N potassium permanganate used. Divide this
number by 10 to determine the percent of ferrous iron present.

4.6.4.2 Nitrite. Check for the presence of ferrous iron with paper
impregnated with 4,4' bipyridine. If the paper turns pink or red, it
indicates that ferrous iron is present and the ferrous iron must be removed in
order to operate with nitrite present. See paragraph 4.6.4.4 for prccedures
for removing the ferrous iron. When the paper does not change color, use & 25
ml volumetric pipette to transfer a 25 ml sample of the phosphate solution
into an Erlenmeyer flask or beaker and add 50 ml of 6 N sulfuric acic.
Titrate with 0.042 N potassium permanganate. The end point occurs when one
drop of potassium permanganate produces a pink color which persists for 10
seconds. Record the number of mls of 0.042 N potassium permanganate used.
This number represents the concentration of the nitrite.

4.6.4.3 Destruction of Unwanted Nitrite. When iron 1s processed in a hot
immersion type phosphate bath containing nitrite, the result is normally the
generation of additional nitrite. To develop ferrous iron in the bath, allow
the bath to cool below 160°F (70°C) and allow the nitrite to escape either
by standing overnight or by bubbling air through the bath. Load the bath with
iron as described in paragraph 4.4.2.4.1. When the minimum concentration of
ferrcus iren is present, the temperature can dc increased ic the proper
operating level and production resumed.

4,6.4.4 To Destroy Ferrous Iron and Develop Nitrite. 1If the bath is
designed to operate with nitrite present it is necessary to make sure that no
ferrous iron is present. Wet a atrip of paper impregnated with 4,4"
birpyridine with the phosphate solution. 1f the paper turns pink or red,
ferrous iron is present and must be removed.

If the paper turns pink, the ferrous iron can be oxidized to inscluble
ferric phosphate with sodium nitrite. Add 2 ounces of sodium nitrite
dissolved in water for each 100 gallons (15 grams per 100 liters) of

phosphating sclution. Repeat if necessary until no test for ferrous ironm is
obtaiped.

CAUTION: When adding sodium nitrite to a phosphate
bath containing ferrouas iron, make sure that
the ventilating aystem is operating.

1f the paper turns red, the esbove procedure may produce large amounts of &
brown gas which consists of toxic oxides of nitrogen. In addition, & large
volume of sludge will be produced.

The recommended procedure is to discard the sclution observing lccal waste
disposal regulations. Prepare a fresh phosphate solution.
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4.6.5 Hexavalent Chremium. The procedure for controlling hexavalent
chromium cen be obtained from the supplier of the chromate rinse chemicals.
The supplier will adivise as te whether or not such a procedure is necessary.

4.7 Inspection of Phosphated Parts

4.7.1 Visual Inspection. Teo ensure work of acceptable quality, all work
should be visually anspected before being oiled or painted. Good vork may
range :n coler from gray to black depending upon the allcy being trested but
should be uniferm in color except where a portion of the part has been
subjected to lccalized heat treatment. These areas may be lighter or darker
an color. There should be no contact marks which show uncoated metal. The
phosphate ceating should show no white or greenish-white stains, These
stresks are normally indicaticns of inadequate rinsing of the processing
sclution from the surface ¢f the work.

4,.7.2 Corrosion Resistance of the Phoasphate Coating

4.7.2.1 Salt Sprav Test for Heavy Phosphate Coatings, DOD-P-16232., The
phosphated parts should be subjected to a 5% salt-spray (fog) test as
described in ASTM B-117. The phosphate coatings should meet the sglt-spray
requirements of specifications. Parts intended for dry (i.e., unciled)
sall-spray corresien tests should be placed directly in test without rinsing,
degreasing, or any treatment other than that which constitutea a part of the
proucess., Should the surface have been contaminated in handling, the parts
should be thoroughly degreased, rinsed in the chromate sclution, dried and
placed directly an test.

4.7.2.2 Salt-Spray Test for Type 1, TT-C-490. The phosphated parts to be
tested should be coated with the coating to be used on the finished preducts,
These parts should satisfactorily pass the 5% salt-apray requirement for the
specification of the final coating used.

4.7.3 Determination of Phosphate Coating Weight Per Unit Area

4,7.3.1 Removal of Phosphate Coatings. Manganese based coatings (Type M,
DOD-P-162%2), zinc based coatings (Type Z, DOD-P-16232), and zinc based
coatings (Type I, TT-C-490), can all be removed to determine the weight of the
phosphate coaling or to examine the base metal by following steps (a) through
{f) below. Steps (a) and (f) can be omitted if the only concern is the
appearance of the base metal.

(a) Weigh a suitable phosphated part which is clean und free from oil.
Calculate the entire surface area.

(b) Immerse for 15 minutes at 165°F (749C) in a 5% solution of
chromic acid in water. The chromic acid solution should be used only
gnce,

(c) Rinse thoroughly in two separate rinses of clear deionized water.

(d) Rinse in slcohol.
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{(e) Dry in an oven or with clean compressed air,
(£f) Weigh the stripped part.

4.7.3.2 Phosphate Coating Weight. The weight of the phosphste ccatings can
be calculated from the above data as follows:

Phosphate Coating = Weight Loss (in mg)
{in mg per sq meter) Area of Part (in 5q. meters)

4.8 Common Difficulties Encountered in Phosphate Coaling Processes

4.8B.1 General. 1In all protective coating processes, & certain amount ef
difficulty may be encountered, due to unobserved errors in carrying out one cr
more of the operastions that directly influence the quality of the work. This
gection is devoted to brief descriptions of commonly encountered difficulties
and the recommended corrective messures,

4.8.2 Visuel Defects. The appearance of the phosphate coatings may vary.
Some of these differences indicate a problem exists but other variations do
not reflect a difference in quality.

4.8.2.1 Color. The coler of the coatings can vary from gray to black.
Variation in coler is, by itself, not a cause for rejection and no attempt
should be made to match the color of the coaltings.

4.8.2.2 FKust Stained and Frozen Assemblies. Assemblies must not be
phosphated as assemblies when the individual components can be treated
geparately. Where complete disassembly is impossible due to riveting or
brazing, every precaution should be tsken to prevent o1l from remaining
between the surfaces prior to phosphating. Spec131 attention should bte given
to rinsing the solution from these areas, When treating parts to meet
DOD-P-16232, a preservative compound of the water displacing type should be
used after the phosphating.

4.8.2.% Bare Areas on or Near Heated Areas {1.e. welds). These bare areas
occur where viled parts are subjected to enough heat to bake the oil but not
enough to burn it off. This can be corrected by removing the o1l before
subjecting the part t¢ heat or by removing the surface with the cil baked on
by abrasive blasting.

4.8.2.4 Coarse Crystalline Coatings. Coarse crystalline ccatings are not
cause for rejection if the part meets all requirements of the specification.
Unfortunately, these coatings frequently feil te give adequate corrosion
protection and corrective steps are then necessary. These coatings are
commonly the result of the cleaning procedure used. When alkaline cleaners
are not thoroughly rinsed from the surface before phosphate treatment, a
coarse crystalline coating may be produced, even when the alkaline cleaning
stage is followed by abrasive blasting.

¥hen parts are pickled prior to treatment with a phosphate process, ccarse
crystalline coatings may be produced even with good rinsing. (Acid pickling
ahead of phosphate coating is not recommended and should never be used withcut
the approval of the purchasing facility.)
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Even with good rinsing, some cleaners result in the formation of phosphate
coatings which are more crystalline than desired. There are proprietary
pretreatments available which will help produce coatings with a fine crystal
structure wvhen such cleaners are used. These frequently are referred to as
"conditioning salts”.

4.8.2.5 White Powder on the Coating. This problem develops on parta
processed by immersion but not on parts processed by spray. The phosphated

work may have a white powder on the coating covering the upper surface of the

work with the remaining surfaces of normal color and nature. This condition
is the result of sludge from the bath depositing on the upper surfaces of the
vork during processing. While a light dusty deposit of sludge causes no
serious difficulties, heavy deposits prevent adequate rinsing of the work
surface. The most common causes for sludge depositing on the work are
agitation of the sludge which has settled to the bottom of the tank due to
beiling the solution or disturbing the sludge by movement of the work being
processed The first of these can be correcled with adequate temperature

.
and the second by remov paragraph 4.4.1.1.).

1 of excess sludge (see

contrel meoval o udge (8

Vilwil

4.8.2.6 Stresks. The phosphated part may have streaks which appear to
follow the flow of solution draining from the parts. These streaks may appear
as rust streaks, as sandy material, or as green or gray-white material. This
condition is generally the result of poor rinsing. If the water rinse
following the phosphating bath is allowed to become contaminated with
phosphating chemicals, streaks may occur. Streaks may also result if

phoaphating salts are trapped in recessed areas of the parts and allowed to
drain out gver the ringed sress after removal from the rinse water,

This can be corrected in immersion processing by two methods or preferably
by a combination of the two: namely, rotating the work in the rinse water to
allow trapped solution to escape and/or removing the parts from the rinse
water, rotating, and reimmersing. Streaks can also be formed when massive
parts are being processed and the phosphate solution dries on the parts before
they get into the rinse water. This can be corrected by the use of the spray
ringe prucedure described in paragraph 4.3.5.2.

¥When this problem occurs on parts processed by spray, the problem can be
solved by adjusting the direction of the sprays in the water rinse and/or the
use of a mist rinse of fresh water at the exit end of the spray zone.

4,8,2,7. Mottled Streaks. This problem develops on parts processed by

immersion but not on parts proceassed by spray. The phosphated parts may have
mottled stresks of extremely thin, light colored phosphate over part or all of
the work surface. Streaks always are directed toward the uppermost portion of
the piece as 1t is suspended in the phosphating solution. This difficulty is
frequently encountered where alkaline cleaners are used and oil is allowed to
ccllect on the surface of the cleaner. It is alsc encountered where heavy
rust-preventive compounds are incompletely removed from recessed, blind or
amall heles, threaded parts, or between joining surfeces. The oil, grease, or
rust-preventive compounds remain in these places through the abrasive blast
treatment and flow ocut when the part is placed in the hot phosphating solution.
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4.8.2.8 Scratches and Abrasions. This problem cccurs primarily when
treating parts to meet DOD-P-16232. When heavy parts are phosphated in a
tumbling barrel c¢r rotasting screw unit, ccnsiderable battering, scratching,
and abrading may occur. In such instances, every effort should be made to
reduce the amount of tumbling but sufficient nmovement of the parts to avoid
contact marks is essential. Wher closed tumbling barrels are used, the barrel
should be filled as tightly as possible to reduce the movement of the parts
during processing. It has been found that, regardless of how tightly the
barrel is packed, enough movement ¢f individual parts occurs to prevent the
foermation of harmful contact marks,

4.8.2.9 PFingerprints. This problem occurs primarily when treating parts te
meet DOD-P-16232. Work that has been abrasive blasted in preparation for
phosphating is very susceptible to fingerprints, which cause formation of very
thin, 1light colored depoasite. Even when clean cotton or rubber gloves are
used, marks may be produced by the wiping action of sliding the fingers ¢ver
the surface. This "wiping" action produces a thinner phosphate comsting which
vill retain less preventive finish,

4.8.3% Failure to Meet Corrosion Resistance or Coating Weight Requirements
of Specifications. When the coating appears to be uniform and shows none cof
the preceding faults, but fails to meet the specified requirements, the
following possibilities should be investigated.

4.8.3.1 1Is the bath being properly controlled as to temperature, totsl
acid, ratio of free acid to total amcid and ferrous iron (or nitrite
accelarator)?

4.,8.3.2 Has the bath been kept hot with little or no work being processed?
If so, sllow the bath to cool to below 110OF (44¢C), stir thoroughly to

mix the sludge with the solution, heat to cperating temperature, and process
freshly cleened parts.

4.B.3.3 Has the chromate rinse been used too long a time? Prepare a fresh
chromate rinse in & snpall container and compare the results obtained uaing the
fresh rinse with those obiasined using the production tank.

4.8.3.4 Is a silicate containing cleaner being used? Silicete containing
alkaline cleaners are excellent in detergency, buffering, and asbility to keep
the removed solid in suspension. A problem can develop with these cleaners
due to absorption of carbon dioxide from the air, burner exhausts, or acid
introduced inte the cleaner. A silicate containing cleaner contaminated in
this manner may deposit a jell-like materigl which may not be visible on the
surface of the parts, which is not removed in the rinse stage. The presence
of this jell prevents the formation of a satisfactory phosphate coating. 1If
this is suspected, it can be confirmed by taking & part which has been cleaned
and rinsed, dipping the part in 8 solution containing approximately 5% by
weight of sodium hydroxide in water for one minute, rinsing it in clean water,
and finally processing it through the remainder of the phosphate system, 1If
this corrects the problew, discard the cleaner solution (observing local waste
disposal regulations) and prepare s fresh cleaner solution. Eliminate or
reduce the input of carbon dioxide or other acidic material into the cleaner.
If the problem continues, change to a silicate free cleaner,
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4.8.3.5 Drawn or Presased Parts. These parts, including metal stampings,
are difficult to phosphate because of the nature of their surface. Such parts
must be cleaned mechanically, prefersbly by ebrasive blasting, in order teo
remove the surface stresses developed in their manufacture. Highly caustic
alkaline cleaners and alkaline derusting must be followed by abrzaive
blasting, abrasive tumbling, treatment with a metal conditiocner, or wiping to
ensure a smooth phosphate coating.

4.8.3.6 Are the parts clean before entering the phosphating sclution? A

cleaning solution which has been satisfactorily removing the scil from the
work may cease te do so. Two reascns for this are:

(a} A change in the soil present on the work and

{b) An accumulation of so0il in the cleaner until it can no longer remove
the so1l from the work.

Try cleaning parts in a fresh cleaner solution, If this is succesaful,
discard ¢ld solution. If the fresh solution does not remove the soil, other
cleaning procedures should be investigated to find one which will remove the
s0il. The posgsibility of changing the soil to one which is more easily
removed ahould also be invesiigated.

if 1t is necessary to discard a cleaner solution, make sure of compliance
with all waste diaposal regulations.

4.8.3.7 Low Coating Weights. Phosphate coating weights belowv the minimum
gpecified can be caused by asevera] conditions including those listed below:

{a) Excessive uge of "conditioning salts” in or
{b) Presence of surfactants or pickling inhibitors in the phosphating
solution,

{c) When steam 1s used for heating, many plants use volatile inhibitors in
the boiler water to protect the steam lines from corrosiom. A loose
connection or A leaking steam coil can allow these inhibitors te get
into the cleaner, the water rinse {before the phosphate), or the

phosphate sclution, VWhen present, the inhibitors can interfere with

the formation of 8 satisfactory coating. The supplier of your boiler
compound c¢an provide chemicals which permit you te control the
corrosien in the steam lines without the use of volatile inhibitors.

4,8.3.8 Determine if the poor corrosion resistance 18 due to poor corresion
resistance of the phosphate coating or poor corrosion resistance of the
supplementary finish. 1Is the correct amount of finish being applied to the
parta?
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When treating parts to meet DOD-P-16232, the weight of the finish can be
determined as follows: weigh a finished part, remove the finish with a
solvent, dry, and reweigh the part. The difference 1n the two weights is the
weight of the finish. If the specified amount of finish is present, coopare
parts finished with the material being used in producticn wath parts finished
with a freshly prepared finish. The finish may have been contaminsted or may
have lost some of its inhibitors.

When treating parts to meet TT-C-490, the paint shcould be checked for falm
thickness and the curing procedure should be checked. If the preceding
appears to be cerrect, finish a part with a sample of paint known to give

IR
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4.8.%.9 Chromete Stains., Chromate stains have the general sppesrance of
rust. These stains occur where the chromate solution is milowed (o accumulate
and dry on the part. They seldom cause any problem when the waler used in the
chromate rinse contgins no dissolved salts., When the water does contain
dissolved salts, these are alasc concentrated in the area of the chromate stsin
and can accelerate the formation of rust. This problem can be corrected by
using deionized water to build up. and replenish the chromate rinse sclution or
by removing any accumulation of the chromat
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4.8.3.10 Effect of excesasive hest on the corresion resistance of the
coating. This problem is related to coatings for DOD-P-16232. Zinc phosphate
coatings should not be exrposed to temperatures in exess of 2250F (1050C)
for more than 15 minutes. Manganese pheosphate coatings should not be exposed
to temperatures in excess of 3750F (190°C) for mcre then 1S minutes,
Longer exposures at thease temperatures or shorter times at higher temperatures
can lower the corrosion resistance of theae coatings.

NOTE: DOD-P-16232F (7 November 1978} amllows parts with a zinc phosphate
coating to be hested B hours at 207-2259F (97-107°C) to relieve
hydrogen embrittlement, but it will also reduce the corresion
resistance of the coating. The alternative method of hclding the
parts for 120 hours at room temperature is the preferred method of
relieving hydrogen embrittlement in phosphated parta,

4.8,3.11 Contaminated Grit Used for Abrasive Blasting. If the grit being
used for abrasive blasting becomes contaminated with grease or ¢il, the ol

and grease will be driven into the surface during blasting and asatisfectery
coatings will not be produced. O0il snd grease can get into the grat if oi1ly
or greasy parts are blasted or through leaking seals in the equipment. If the
grit hss become contaminated, the source ¢f the contamination must be
eliminated and the grit replaced with clean material.

4.8.3.,12 Lime Drawn Wire. This problem occurs primarily on parts being
treated to meet DOD-P-16232. Many nuts and bolts are made from heavy wire or
rod which has been drawn using lime &s & lubricant. VWhen parts made [rom such
wire are cleaned, it is usually necessary to include a pickle in the cleaning
gystem. If sulfuric acid is used, inacluble calcium sulfate deposita on the
work and interferes with subsequent phosphating. These parts can be
succegsfully clesned 1f 8 hydrochlorie acid pickle is used., The calcium
chloride which is formed is soluble and readily removed in the rinse stages,
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4.8.3,13 Case Hardened Parts. This problem also is one encountered on
parts being treated to meet DOD-P-16232. The problem generally occurs when
phosphate coatings are used t¢ replace plating. The tempering operation in
the heat treat is frequently omitted when the parts mre to be plated as it is
necessary to bake the parts after plating to relieve hydrogen embrittlement.
If the tempering operation is cmitted prior to the phosphating operation, the
cvatings produced will not provide the expected corrosion resistance. The

tempering operation is necessary to give the required physical properties as

well as to permit proper formetion of the phoasphate coatings.

4.8.3.14 Cast Iron and Alloys Which Are Difficult to Treat. This is a
problem when treating parts to meet DOD-P-16232. Cast parts such as
malleable, pearlitic malleable, or cast iron, cast steel and some alloys which
are difficult to treat may fail to meet corrosion resistance requirements.
Cast iron, steel, or pearlitic malleable iron has a burned-in and aand-cast
aurface or high siliccen alloy cast surface, which must be given a very

uzlu&uusu bin:’t&llﬁ breatment tv ]J!:Lu.u.t thc HhGSFLAGtG bvatlﬂé’ fn be fe;' u:"Ed. in

addition, these metals may not completely phosphate in the time normally
required to phosphate steel. In the treatment of these materials, a low free
acid phosphating solution gives a considerable advantage. Superior corrosion
resistance can be obtained on cast parts as well as cother steel parts by using
either Procedure A or Procedure B,

Procedure A

( } Ahrasive hlaast all pmartsa,
br bl 1l pa

{b) Plan work schedules so parts made of malleable or cast iron will be
treated immediately after a period during which the phosphate
selution 13 idle and has been allowed to cocl to room temperature,

{c) 4dd to the solution, prior to the shut down period, 0.5 pound per 100
gallons (75 grams per 100 liters) of either zinc carbonate (for

zinc-base solutions) or manganese carbonate (for manganese-base
sglutions) and star thoroughly.

{(d) Turn on the heat to the tank. When the solution temperature reaches
1709F (750C), place the work in the solution and raise the
temperature to 205°F (959C) as quickly as possible. Allow the

work to remain in the sclution after reaching the operating
temperature for at least 45 minutes.
Procedure B

(e) Avrasive blast all parts.

(f) Use zinc or mangasnese carbonate to raise the ratio of total acid to
free acad to 7.5 to 1 or higher.

{g) Process a large load of parts {a large surface area).

{h) Precess the critical parts.
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4.8.3.15 Heat Treated Parts. Satisfactory phosphate coatings may not form
on parts if oil was presert when the parits were subjected to heat during the
heat treatment. If 0il is present or suspected of being present on parts
which are to be heat treated, try removing the oil from some parts, heat treat
these parts esnd follow them through the phosphating operaticn to determire
whether there is an improvement in the coatings produced.

4.8.4 Paint failures - blistering and/or spotting paint adhesion. The
paint adhesion failure referred to here occurs when the adhesion is checked
with tape and the paint pulls away in spots. Thia type of failure is normally
the result of & blister having formed under the paint film destroying the
adhesion of the paint to the metal, To prevent this type of paint failure, it
is necessary to avoid those conditions which cause blisters to form.

Blisters form under paint when water scluble salts are trapped under the
paint film and the paint is exposed to humid conditions. Water vapor can pass
through the paint film and, if & water scluble salt is present, a scluticn 1is
formed which 1ifts the paint and forms a blister. When checked for adhesion
the paint is lifted from these areas even if the blister is no longer evident.

To prevent this type of failure, it is necessary to meke sure that no water
soluble salts are on the surface.

4.8.4.1 Salts Left by Poor Rinsing. If the rinse solutions are allowed to
become contaminated or itrapped solutions are not completely remcved, the
regidue remaining on the surface may contain water soluble salts which can

[ T TR

caupe blistering. For corrective measures see 4.8.2.6.

4.8.4.2 Contaminated Chromete Sclutions. The chromste scoluticn is normally
dried on the surface of the phosphate coated parts. If the chromate solution
is prepared with water containing soluble salts, these ssltas will accumulate
as water is added to replace that lost by evaporation. The amount of water
scluble material left on the parts will increase as these salts accumulate.
In areas of the parts where the chromate sclution collects in streaks,
puddles, or beads, this blistering problem can be of major impcrtance.

n .
Corrective step

o
s are of three types:

(a) Avoid allowing streaks, puddles, or beads of chromate sclution to dry
on the oarts.

(b) Use deionized water to burld up and replenish the chromate rinse.
{¢c) Follow the chromate rinse with a rinse of deionized water. If this
is done, it is necessary to use specially formulated chromate

rinses. See 4.3.6.3.

4.8.4.3 Handling. Soluble salts can also be left on the parts when they
are handled with bare hands or dirty gloves.
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S. BLACK OXIDE COATINGS

5.1 Introduction

5.1.1. GCeneral., This type of coating is produced by converting the surface
of irvp and steel parts to black iron oxide (Fe30 } with a thickness of
less than 0.0001 inch (0.00025 cm) sccording to MIL-C~13924, This coating
affords very limited corrosion protection. The alloys that are given

protection. The metals that are given a MIL-(C-13924 Class 1 coating can have
the corrosion resistance improved by the application of a rust-preventive cil.

Due to the fact that these coatings show only a slight build-up on the
parts, they are suitable for moving parts that cannot tolerate a heavier
coating.

95.1.2 Characteristica, The coatings produced by all three classes of

MIL-C-13924 are similar in composition and appearance. The three classes use
different chemicals to treat the alloys.

5.1.2.1 Class 1. Class 1l coatings are formed in an alkaline oxidizing bath
on wrought iren, plain carbon, low alloy steels and cast and malleable irons.

5.1.2.2 Class 3. Class 3 coatings are formed in a fused malt bath on
corrosion reaistance steel alloys which are tempered at 9000F (4820C) or
higher.

5.1.2.3 Class 4. Class 4 costings are formed in an glkaline oxidizing bath
on 300 series corrosion resistant steel alloys.

5.1.3 Safety Precautions., The safe handling of these chemicals requires
caution due to different hazards at different phases in their operation.

5.1.3.1 The baths are operated at temperatures ranging from 250¢F
(1219C) in Claas 4 baths to B50°F (455°C) in Cless 3 baths. Contact
with these baths can ceuse severe burns. HMoisture on parts being introduced
into the operating beths can turn to steam and cause the hol chemicals to
aplash or erupt and anyone nearby can be burned, Operators should wear
protective clothing and no other personnel should be allowed in the vicinity
of the operating bath.

5.1.3.2 The salts in the baths can cause chemical burns as well as thermal
burna. In case the hot salts are splashed on anycne, the area contacted by
the chemical should be flushed 1mmediately with water to remove the malts and
the affected ares should be kept in water or kept covered with wet compresses
which are constantly changed until medical attention can be obtained. If
anyone should contact the unheated salts, the area of contact should be washed
with water immedistely. 1If there is evidence of skin irritation, medical help
should be obtained,
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5.1.3.3 The baths can sclidify when allowed tc¢ ceol. When heat is applied
to a aoclidified bath there is danger of an eruption of meolten sslt through the
. 80lid crust. Class 1 and Class 4 baths will normally not sclidify at room
temperature but may sclidify at lower temperatures or if allowed to become
more concentrated than normal., Class 3 baths will soladify at room
temperature and can be expected to erupt through the crust when being heated.
This type of eruption may also occur with the other baths if they have cocled
enough to cause solidification.

5.1.3.4 When cold, the Class 3 salts must be handled as toxic hexavalent
chropmiun compounds. The Class 1 and 4 compounds are caustic with oxidizing
agents and should be handled according to the instructions end cautions
furnished by the supplier.

5.1.4 Disposal. The procesaing baths mey have to be discarded fur various
ressons such as equipment repair or discontinued coperations. The chemicals
must be trested before disposal and the rinse waters may contain amcunts of
salts which will require that they be treated in order to meet the local waste
disposal regulations.,

5.1,4.1 Disposal of the Operating Batha. The Cless 1 and 4 baths are
normally "slushy” st room temperature and should be diluted with st least an
equal volume, and preferably three or four volumes, of water before being
treated for disposal., Class 3 baths are solid at room temperature. These
baths are best handled by ladling them ocut, while 'hot, into shallow trays and
allovwed to cool in thin enough layers that they can be broken up without
tools. THE SOLID SALT SHOULD NEVER BE STRUCK WITH A TOOL TO BREAK IT OR FOR
AVY CTHER PURPOSE. The amall pieces can then be dissclved in water and the
soluticn treated for disposal.

9.1.4.2 Trestment for Dispesal, Classes 1 and 4. The alkaline portion of
these baths will have to be treated to lower the pH to an accepiable range in
gll locations. The pxidizing portion of the baths may require treatment
depending upon the oxidizing chemical used and the local regulations.

5.1.4.3 Treatment for Disposal, Cless 3. The waste dispusal regulations
will normally require that the hexavalent chromium be reduced to trivalent
chromium and that the trivelent chromium be precipitated and remouved before
discharging the sclution to the gewer.

5.1.5 Embrittlement. Embrittlement is seldum a problem with the black
oxide treatments bul can become s problem with high atrength steela.

5.1.5.1 High strength steel (Rockwell C 40 or greater hardness) may fail
due to "caustic embrittlement”™ if the part is processed in the black oxide
bath under internal c¢r applied siress.

5.1.5.2 Treatment of High Strength Steel. When specifying the treatment of
steel parts having an ultimate tensile strength of 200,000 psi (1379MPa)} or
above, the procuring agency may require that the parts be beked at 3750 hd
259F (1900 hd 14°C) for three hours or more or given &an equivalent
embrittlement relief treatment after the application of the oxide coating
and/or specify that the parts be tested for embrittlement. If an
embrittlement relief bake is required, it shall follow the chromate rinse and

precede the supplementary preservative treatment,
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5.2 Eguigment

5.2.1 Processing Tanks. The tanks used to contain the black oxide
chemicals are neated by gas or by immersion electric hesters. The high cost
of heating these tanks makes the use of thorough insulation imperative, They
should be installed on a concrete slab and surrounded by a curb (or installed
in a non-combustible tray) providing adequate area to catch any drippings and
deep enough to contain the chemicals if a tank ‘should fail.

5.2.1.1 Gas Heated Tanks. Heat is supplied to gas heated tenks by burners
mounted beneath the tank (Figure 10), Greater heat efficiency can be obtained
by conducting the products of combustion arcund the sides of the tank using a
second wall Surrounding the tank. The products of combustion are then vented
to the flue. The tank should be surrounded by insulation to minimize heat
leoss,

5.2.1.2 Electrically Heated Tanks. The immersion electric heaters must
have adequate capacity to heat the baths to operating temperature in a
reasonable time. What{ is reasonable will vary with the production
requirements. The heaters should be protected from mechanical damage by a

protective grating.

5.2,2 V¥Water Diffuser. This applies to Class 1 and 4 only as water 1s not
added to Class 3 baths, The addition of water to Class 1 and 4 baths can
cause gpattering due to the rapid conversion of the water into steam by the
hot bath. Water can be safely added by adding it through & pipe with amall
holeg in it. The pipe should be mounted along the back side of the tank with
the holes directed toward the back wall. This allowa & thin film of waler to
flow down the back wall into the bath sway from the operator.

5.2.3 Binse Tanks

5.2.3.1 Mist Rinse. 1If the use of a mist rinse is found t¢ be necessary
(5.3.2.3.3), it can be supplied either from a hand held nozzle or from nozzles
mounted a short distance above the bath surface. The nozzles used must supply
only 8 small amount of water and muat break up the water into extremely small

droplets to prevent spattering of the hot bath,

5.2.3.2 V¥Warm Water Ringse Tanks. The first rinse following the black oxide
treatment is overflovwed at a rate which permits removal of the salis bul may
allov the vater to be warmed by the hot parts., The tanks should be equipped
with drains to permit ewmptying when they become excessively contamineted.
Provision for heating the rinse used after the Class 3 treatment is essential
as this rinse must be at about 190UF (88°C) for proper removal of the
salt, (If necessary to obtain the required temperature, the overflow can be

discontinued temporarily.)
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5.2.3.3 Cold Overflowing Rinse Tanka., These tanks should be equipped with
an overflow weir and & drain. The water supply to the tank should enter ob

the side opposite the overflow snd should be delivered close to the bottom of
the *ank using & vecuum breaker or other means tp prevent siphening water from

VIIT wilin WOdiiE W o wul vl Saau 2113 Sk IRllLls WaALREZ

the rinse tank intc the water line. Heating coils peed not be installed in
these tanks.

5.2.4 Chromate Rinse Tank. The chromate rinse tank is constructed of mild
steel and can be heated by gas, electric heaters, or steanm.

5.2.5 Thermometers and Thermocouples. The black oxide processing baths
must be maintsined at the specified temperature. It is recommended that a
dial type thermometer be mounted where it can be readily seen and that the
diameter be at least 5 inches (12.5 cm) for ease of reading. The thermocouple
bulb should be mounted in a corner of the tank and kept esway from the tank

wall.

To relieve the operator, the thermocouple temperature control is connected
to a motor-operated water velve which allows water to be fed automatically
into the boiling solution whenhever the control calls for it (i.e., whenever
the temperature rises above the set operating temperature).

Because of the importance of close temperature contrcl in the black oxide
processes, particularly of Class 1, the securacy of the indicating thermometer
should be checked frequently. A reference thermometer should be availsble to
check the indicating thermometers. A mercury thermometer can be used for this

purpose 1n Class 1 and 4 baths but a thermocouple should be used in Class 3
baths.

5.2.6 Racks, Tumbling Barrels, and Baskets. The work being treated will
usually be placed in & tumbling barrel, a rack, or an open mesh basket made of
mild steel {do no! use stainless steel). These should be constructed tc allow
good drainage. They must be welded, never scldered, and shall contain no tin,
copper, zinc, lead or other non ferrous metals.

5.3 Prccessing

5.3.1 Processing Sequences. . After the parts to be processed are cleaned of
all soil, etc., rinsed and most or all water removed, they are immersed in the
proceasing bath for the specified time. Following the blackening treatment
they are given a warm or cool overflowing water rinse, except Class 7 which is
given a hot water rinse prior to the cool rinse. The water rinse is followed
by a chromate rinse and the parts are dried and, if specified, dipped in oil.

1
Wl

an = 11
wee 1gUure 4id.

5.3,2 Procedures for Class 1 and 4 Alkaline Oxidizing Procesases

5.3%,2.1 Preparation of the Solution, Determine the volume of sclution
necessary to fill the tank to the working level. This is normally sbout 6
inches (15 cm) below the top of the tank., More space may be required when
processing long parts in a deep tank. Place one third of this volume of cold
water in the tank. Slowly add about one third of the required amount (as
recommended by the supplier of the chemical) of the black oxide chemical
required for the volume at operating level while stirring vigorously to
prevent caking.
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CAUTION: Wear goggles, rubber apron, rubber gloves and
face shield. Avoid adding large amounts or
lumps of chemical. Avoid ceusing the
solution to splash or adding chemical rapidly
encugh to cause the temperature of the bath
to exceed 2009F {g3°0C),

¥hen the chemical is completely dissolved add an equivalent amount in the
same water., Continue until the required amount has been added. Add cold
water to bring the solution up to operating level. While stirring, heat the
solution slowly to boiling and adjust to the specified operating temperature,
See 5.3.2.2.1.

5.3.2.2 Processing. The clean work must be completely immersed for the
specified time in the processing sclution which is boiling at the correct
temperalure. The work should be lowered into the processed bath slowly to
allow any water remaining on the parts to evaporate before contacting the hot
bath. When processing in Class 3 baths, the parts must be completely dry.
Any water contacting the hot bath will be transformwed into steam and cause
spattering of the hot chemical, While parts may be wei when introduced into
Class 1 and 4 baths, special care must be used when immersing tubular parts seo
that the water anside the tubes does not erupt towards the operator.

5.3.2.2.1 Solution temperature control. The correct operating temperature
may vary depending upon the chemical used and the metal being treated but
Class 1 baths are normally operated at 285 to 230°F (140 to 143°C),
Temperatures over 3000F (1499C) tend to build up red iron oxide in the
vath and on the processed parts. To lower the boiling point, add water teo the
bath using a water diffuser such as that described in 5.2.2. To raise the
boiling point, add more chemical by adding it slowly over the surface of the
bath to svoid localized boiling and splattering of the solution.

CAUTION: Never dissolve the chemical in water to make
additions. This will cause eruptions,

5.3.2.2.2 Ventilating system. A good system for removal of Tumes is
required with all three types of blackening baths., The recommended system for
Class 1 and 4 baths is similar to that for phosphating baths {(see 4.2.4). The
Class 3 baths should be totally enclused and good ventilation can be obtained
with less air movement.

5.3.2.2.3 Excessive boiling and splashing. Excessive boiling and
splattering may occur in a freshly prepared bath or when long parts are being
processed in & deep tank. When the excessive boiling is caused by a newly
prepared bath, the problem can be controlled by processing smaller lcoads less
frequently until the boiling no longer is excessive. When the excessive
boiling is caused by long parts in a deep tank, it will be necessary to allow
more free board between the top of the tank and the sclution level.

5.3.2.2.4 Sludge removal. Insoluble iron oxides will settle in the bottom
of the processing tank as sludge. This sludge must pot be alloved to
accumulate. The common method for removing this sludge is to ]lift it out with
a hoe or similar tool.
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5.3.2,2.5 Smut on the work. The inscluble oxides will accumulate as & scum
on the surfece of the tank and if carried out on the work will appear as
amut. This scum can be remuved with a tool similar to a steel dust pan.
Suspended sludge csn also settle on the work and appear as smut. If this
happens the sludge should be removed as described in 5.3.2.2.4.

5.3,2.2.6 Precautions. Non ferrous metals should not be introduced into
tien

these baths as they may contaminate the beths and interfere with the forma
of the desired coating. Some metals will cause vicolent boiling of the
processing sclution which can result in injury tc the operators and
by-standers. If the baths become contaminated to a point where satisfactory
coatings are not obtained, the chemical suppliers have proprietary chemicals
which will reatore the baths to operating condition in most cases.

5.3.2.3 Rinsing

ur
L

5.3.2.3.1 V¥arm waler rinsing. When the work is removed from the processing
bath it should be transferred to the overflowing warm water rinse as quickly

as possible and the parts should remain in the rinse long enough to lower
their temperature sufficiently to prevent off-color (red) from developing.
Rinsing is improved by agitation of the parts and/er the rinse water and
raising the parts out of the water and reimmersing them.

5.3.2.3.2 Disposal of the warm water rinse. The warm waler rinse must be
discarded before it becomes too contaminated to adequately rinse the parts,

Min Femaniins y 4 4 i i
The frequency of discarding will depend upon the amount of bleckening salts

carried into it., The contaminated rinse must be treated to meet the local
waste disposal regulations before being discharged to the sewer. See 5.1.4.2
or 5.1.4.3.

5.%3.2.3.% Mist rinsing. 1f problems arise due to the procesaing aclution
drying on the parts before immersion in the warm water, the use of a fine mist
of water sprayed on the parts can overcome this problem (see section
5.2.%.1). A very fine mist must be used to avoid drops of water causing steam
eruptions at the bath surface and to aveid dilution of the bath which would

lower the boiling point.

5.3.2.3.4 Cold water rinse, Following the warm water rinse the parts are
rinsed in a cold, overflowing water rinse to remove the last traces of the
blackening salts. Agitation of the part and/or the water and removal and
reimmersion of the part will improve the rinsing.

5.3.2.4 Chromate Rinsing, After the ccld water rinse the partis are
immersed in & chromate rinse as described in section 4.5,

5.3.2.5 Drying. The chromate rinsed parts must be dried. The use of a hot
chromate rinse makes it possible for many parts to dry spontaneously. If
necessary the remaining beads of moisture can be removed with dry, clean

compreased air, by heating in s air circulating oven or by dipping into a
water-displacing oil,

5.%.3 Procedures for Clags 3 Fused Salt Oxidizing Process
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5.3.3.1 Preparation of the Bsth. The required amount of salt will depend
upon the size of the pot which should be no larger than necessary to hold the
parts being treated and allow approximately 6 inches (15 cm) of free board
between the bath surface and the top of the pot., The pot ia initially charged
by placing approximately one quarter of the required amount of potassium
dichromate in the pot and heating it until it is liquid. Additions of similar
amcunts should be made until the deaired operating level is reached by waiting

uptll each nddltlgn has ]1q||1f1aﬂ haf‘n—n mnklng the "

The molten saltl is then heated to the operating temperature of 8250 to
BSOOF (4400 to 455°C).

CAUTION: When reheating the sclidified bath, the
furnace deoor must remain closed until after
the eruption of the liquid through the top
crugst of the bath. This will occur at
approximately 4509F (2329C) The furnace
door must not be opened except during the
process of inserting or removing work.
During these operations, an apron, long
sleeved clothing, gloves, and a hood-type
face shield must be worn. Every precaution
should be taken to ensure that the work is

dry before it is immersed in the molten salt.

5.3.3.2 Cleaning. All grease, oil, scale, and shop dirt{ must be removed

A2l 2L L A2 L= R = i et - a

before processing. The clean parts must be completely dry before introductio
into the molien salt. The preferred method of ensuring a completely dry
surface is to use abrasive blasting as the final cleaning step. Ancther
method 18 to hold the parts near the pot for the time required to evaporate
the last traces of mgisture.

5.3.3.3 Processing. The clean dry parte are immersed in the molten salt
bath for 30 minutes, removed from the pot, allowed to drain and air cool for B
te 10 manutes.

CAUTION: Any moisture will create a hszardous spraying
or splattering., Caution must be exercised to
aveid the hazards of molten drippings when
work is tranaferred from the furnace to the
cooling fixture.

5.3.3.4 Hot Water Rinse., After cocling, the parts are rinsed in
non-overflowing hot water at 190°F (B8°C). Rinsing is improved by

agitation of the parts and/or the water and by removal and reinmersion of the
parts.

5.3.3.4.1 Disposal of the hot water. Potassium dichromate will accumulate
in this rinse and eventually adequate removal of the salts will no. longer be
possible. The rinse should be discharged before this point is reached.
Before discharging this solution to the sewer, it must be treated to meet the
lecal waste dispoasl regulations. See 5.1.4.3.
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5.3.3.5 Cold Water Rinse. To remove the final traces ¢f Lhe blackening
salts, the parts are rinsed in a cold overflowing water rinse, after the hot
vater rinse. Rinsing is improved by agitation of the parts end/or the water
and by raising the part out of the water and reimmersing it.

5.3.3,6 Chromate Rinée. After the cold water rinse the parts are immersed
in a chromate rinse as described in 4.5.

5.3.3.7 Drying. See 5.3.2.5.

Custodians: " Preparing Activity:
Army - MR Army - MR
Navy - SH
Air Force - 20 Project No. MFFP-0010

Review activities:
Army - AR, AT, GL, ME,
Navy - AS, EC, 0§, YD
Air Force - 99

Users:

Army - AR, AT
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Appendix
Examples of the use of Phosphate and Bleck Oxide Coatings on Military Paris.

Phophate Process:

M-16-A1 (Barrel Assembly, Trigger, Sear)
M-60 Machine Gun

M-203 Grenade Launcher

M-85 Machine Gun 50 Cal

N2 Machine Gun 50 Cal

M-240 Machine Gun 7.62 MM

SA¥S Squad Automatic Weapons System

Navy standard missile motion chamber
Mark 32 torpedo air flask

Metallic belt links

Grenades 42 MM

Hand Grenades

Projectiles

Black Oxide Process:

Cylinder, rifle, M-14
Spring, safetly, M-14

Nut, cylinder, M-60
Extension, gas, M-60

Spring, catch, M-60

Shield, seed mechanism, M-£0
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NOT MEASUREMENT
SENSI TI VE

M L- DTL- 13924D
18 March 1999
SUPERSEDI NG

M L- G 13924C

9 June 1980

DETAI L SPECI FI CATI ON
COATI NG, OXI DE, BLACK, FOR FERROQUS METALS

This specification is approved for use by all Departnents
and Agenci es of the Departnment of Defense.

1. SCCPE

1.1 Scope. This specification covers black oxide coatings applied to ferrous
metal s (wought iron, carbon, low alloy, and corrosion resistant steels). Black
oxi de coatings, with or without a supplenentary preservative treatnent (see 3.11),
may be used where a black surface is required. Only very limted corrosion
protection, under mldly corrosive conditions, is obtained as a result of black
oxi de coating (see 6.1). Black coatings are included in this specification with
[imtations as noted in 1.2.

1.2 dassification. Black oxide coatings covered by this specification should be
of the followi ng classes as specified (see 6.2 and 6.3.2).

Cass 1 Al kal i ne oxi di zi ng process (for wought iron, cast and nall eable
irons, plain carbon, and low alloy steels).

G ass 2 Al kal i ne chromate oxidi zi ng process (for use on certain corrosion
resi stant steel alloys which are tenpered at |ess than 900°F (482°Q)).

Cass 3 Fused salt oxidizing process (for corrosion resistant steel alloys
whi ch are tenpered at 900°F (482°C) or higher).

Cass 4 Al kaline oxidizing process (for other corrosion resistant stee
al | oys) .

Beneficial comments (recomendations, additions, deletions) and any pertinent data
whi ch may be of use in inproving this docunent should be addressed to: Director

U S. Arny Research Laboratory, Wapons and Materials Research Directorate,

ATTN: AVBRL-WwW M Aberdeen Proving G ound, MD 21005-5069 by using the

St andar di zati on Docunent | nprovenent Proposal (DD Form 1426) appearing at the end
of this docunent or by letter.

AVEC N A AREA MFFP
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2. APPL| CABLE DOCUMENTS

2.1 GGeneral. The docunments listed in this section are specified in sections 3
and 4 of this specification. This section does not include docunents in other
sections of this specification or recommended for additional information or as
exanples. VWhile every effort has been nmade to ensure the conpleteness of this list,
docunent users are cautioned that they must neet all specified requirenents
docunents cited in sections 3 and 4 of this specification, whether or not they are
listed.

2.2 Covernnent docunents.

2.2.1 Specifications, standards, and handbooks. The follow ng specifications,
standards, and handbooks forma part of this docunent to the extent specified
herein. Unless otherwi se specified, the issues of these docunents are those |listed
in the issue of the Departnent of Defense Index of Specifications and
St andar ds(DoDl SS) and suppl enent thereto, cited in the solicitation (see 6.2).

SPECI FI CATI ONS
DEPARTMENT OF DEFENSE

M L- G- 53072 Chemi cal Agent Resistant Coating (CARC) System Application
Procedures And Quality Control Inspection

(Unl ess ot herw se indicated, copies of the above specifications, standards, and
handbooks are available fromthe Defense Automated Printing Service (DAPS), Building 4D,
700 Robbi ns Avenue, Phil adel phia, PA 19111-5094).

2.3 Non- Governnent publications. The follow ng docunents forma part of this
docunent to the extent specified herein. Unless otherw se specified, the issues of
t he docunents which are DoD adopted are those listed in the issue of the DoDISS cited
in the solicitation. Unless otherw se specified, the issues of docunents not |isted
in the DoDI SS are the issues of the docunments cited in the solicitation (see 6.2).

AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM
ASTM B117 Qperating Salt Spray (Fog) Apparatus (DoD adopted)

ASTM F519 Mechani cal Hydrogen Enbrittl ement Testing of Plating Processes
and Aircraft Mintenance Chemi cals

(Application for copies should be addressed to the Anerican Society for Testing and
Materials, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.)

SOCI ETY OF AUTOMOTI VE ENG NEERS, | NC. ( SAE)
ANMS 2759/ 9 Hydrogen Enbrittl enent Relief (Baking) OF Steel Parts

(Application for copies should be addressed to the Society OF Autonotive
Engi neers, Inc., 400 Conmonweal th Drive, Warrendal e, PA 15096.)

2.4 Oder of precedence. In the event of a conflict between the text of this
docunment and the references cited herein, the text of this docunent takes
precedence. Nothing in this docunent, however, supersedes applicable | ans and
regul ati ons unl ess a specific exenption has been obtai ned.
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3.  REQUI REMENTS

3.1 Materials. The materials for the bl ackening processes shall be sel ected by
the contractor. The selected materials shall result in black coatings neeting al
the applicable requirenments of this specification

3.2 Preparation of basis nmetal. Prior to the application of the black coatings,
the basis netal shall be thoroughly cleaned. The cl eaned surfaces shall be free of
rust, scale, grease, oil, paint, or other foreign matter, and shall pass the water

break test described in ML-C53072. deaning materials and nethods shall be at the
option of the contractor. The cleaning process shall be performed w thout
nmeasur abl e abrasion or erosion

3.2.1 Stress relief. Unless otherwi se specified for a particular end item
specification or drawing, after form ng and hardening, and prior to cleaning and
coating, objectionable residual stress in ferrous alloy parts having a hardness
greater than 40 HRC shall be relieved by suitable heat treatnment. The tenperature
shal |l be such that maximumrelief is given w thout hardness being reduced to | ess
than the specified mnimum Stress relief is not necessary where it has been
denonstrated that coating has no harnful effect on the coated part.

3.2.2 Coating as a final process. Unless otherw se specified, the black coatings
shall be applied after all machining, formng, welding, cold straightening and heat
treat ment have been conpl et ed.

3.3 Application of black coatings. The coating shall conformto the class
specified. The specified black coating shall be applied under controlled tine and
tenperature conditions. All equipnment together with solutions or baths shall be
properly maintained and kept free of dirt or possible contam nants. The sel ected
process shall not reduce the hardness of the parts being processed or expose the
parts to tenperatures in the tenper brittle range of the material, nor shall it
cause enbrittlenent of the steel

3.3.1 Surface attack. The process shall not result in any attack of the surface,
either pitting or intergranular

3.4 A kaline oxidizing solutions (classes 1 and 2). Casses 1 and 2 oxide coatings
shall be formed froma boiling al kaline oxidizing or al kaline chromate oxi di zi ng
sol ution, respectively.

3.4.1 Rinsing. Al classes of black oxide coated pieces shall be rinsed in cold
wat er .

3.4.2 Chromic acid dip. After the cold water rinse (see 3.4.1) the pieces shal
be di pped for a m ninumof 30 seconds in a 0.06 percent solution (8 oz. chromc acid
per 100 gallons water) of chromic acid maintained at a tenperature of 150 to | 90°F
(66 to 88°C) and a pHof 2 to 3. After the chromc acid dip, parts shall be dried
wi thout further rinsing by using warmdry air.

3.5 Fused salt oxidizing (class 3). The tenperature of the nolten oxidizing salt
of class 3 shall not be higher than 900°F (482°C). After suitable imersion, the
treated parts shall be w thdrawn, cooled fromeight to ten mnutes and rinsed in hot
water, |190°F (88°C), followed by thorough cold water rinsing to effect conplete
renoval of bl ackening solution. After rinsing, the parts shall be dried by warmdry
air and given a chronmic acid dip as outlined in 3.4.2.

3
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3.6 Alkaline oxidizing (class 4). The black coating of class 4 shall be
processed in accordance with instructions furnished by the suppliers of the raw
materials and the resulting coating shall conformto the applicable requirenents of
this specification.

3.7 Coverage and color. Cdass 1, 2, 3, and 4 coatings (see 1.2) shall cover the
basis netal conpletely and shall pass the smut test. The color shall be a uniform
bl ack. A slight anmount of snut, which is inherent in the process, shall not be
cause for rejection. There shall be no indication of any reddi sh-brown or green
snmut when tested as in 4.4.1. Snut "spottiness" shall be classified as
unsatisfactory requiring reprocessing.

3.8 Oxalic acid spot test (class 1, 2, and 3). The black oxi de coatings of
classes 1, 2, and 3, prior to the application of a preservative, shall pass the
oxalic acid spot test for a good quality coating (figure 3) as specified in 4.4.2.

3.9 Resistance to salt spray (fog) (class 4 AISI type 300 series corrosion
resi stant steel only). The black coating, of class 4 (300 series only), prior to
the application of a preservative, shall show no signs of corrosion after 96 hours
of exposure in the salt spray test (see 4.4.3).

3.10 Hydrogen enbrittlenment relief treatnent. Steel parts that are surface or
t hrough hardened at 40 HRC and above shall be given a hydrogen enbrittlement relief
treatment after application of the oxide coating. Coated springs or other parts
subject to flexure shall not be flexed prior to the enbrittlenent relief treatnent.
If an enbrittlement relief treatnent is required, it shall followthe chromc acid
rinse. The enbrittlement relief treatnent precedes the supplenentary preservative
treat nent.

3.11 Supplenentary preservative. Mterials for supplenmentary preservative
treatnments and met hods of application shall be in accordance with the applicable
requi renents of the end item specification, or as otherw se specified. Unless
ot herwi se specified, the supplementary preservative treatnent shall be applied to
the clean and dry parts imedi ately after the final stage of processing.

3.12 Wirkmanshi p. The surface of the coated part shall be uniformin appearance
and free of visible coating defects, such as blisters, pits, roughness, nodul es,
burni ng, cracks, or uncoated areas, and other defects that will affect the function
of the coating. The coated parts shall be clean and free of damage.

4. VERI FI CATI ON

4.1 Responsibility for inspection. Unless otherw se specified in the contract or
purchase order, the contractor is responsible for the performance of all inspection
requi renents (examnations and tests) as specified herein. Except as otherw se
specified in the contract or purchase order, the contractor may use his own or any
other facilities suitable for the performance of the inspection requirenents
speci fied herein, unless disapproved by the Governnent. The Governnent reserves the
right to performany of the inspections set forth in this specification where such
i nspections are deened necessary to ensure supplies and services conformto
prescribed requirenents.
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4.1.1 dassification. Al the tests required for the testing are classified as
quality conformance tests, for which necessary sanpling techni ques and the nethods
of testing are specified in this section

4.2 Sanpling.

4.2.1 Lot. A lot shall consist of coated parts of the sane class, same basis
metal , and approxi mately the sane size and shape and coated under simlar
conditions. A maxi mum of 8 hours continuous production shall constitute a lot.

4.2.2 Selection. The nunber of random sanples selected for nondestructive tests
(visual inspection, coverage, color, smut, and workmanshi p), and destructive tests
(oxalic acid spot test, salt spray test, and enbrittlenent relief test) from each
| ot of coated parts shall be defined by the procuring activity (see 6.2).

4.3 Acceptance and rejection. The selected coated parts shall neet the
requirenents in this specification for the represented | ot to be acceptable.
Failure of any test sanples to neet the requirenments in this specification shal
constitute rejection of the entire lot which they represent. Unless otherw se
specified (see 6.2), the tests shall be conducted and the test results accepted
prior to shipnment of the lot of coated parts represented by the test sanples.

4.3.1 Surface attack. Parts shall be exam ned for pitted surfaces or
intergranul ar attack by view ng them at magnifications up to 10x.

4.4 Test procedures.

4.4.1 Smut test. The test shall be nmade prior to application of corrosion
preventive conpound or after vapor degreasing. Each black oxi de coated piece shall be
i nspected visually under strong light to assure a satisfactory appearance. Each
sanpl e shall also be wiped with a clean white cloth for indications of smut (see 3.7).
A slight anmount of snmut which is inherent in the process is acceptable for all classes
of coatings and shall not be cause for rejection

4.4.2 xalic acid spot test (class 1, 2, and 3). The black oxide coated pieces of
classes 1, 2, and 3 only, prior to the application of a preservative, shall be handl ed
with clean cotton gloves or the equivalent. Each sanple shall have deposited, on one
flat spot of the black oxide coated surface, three drops (0.00676 oz. (0.2 m)) of a
five percent solution of oxalic acid. The reaction shall be observed after 30 seconds
and up to eight mnutes. After eight m nutes the panel shall be rinsed and conpared
to figures 1, 2, and 3. A light gray center with a lighter border color (figure 1)

i ndi cates a poor quality coating. A gray-black center with a |ight border (figure 2)

i ndi cates a borderline quality coating. The coating shall conformto the good quality
coating of figure 3 to be acceptable. A black or dark brown center with a |ight

border (figure 3) indicates a good quality coating. A good quality coating may show a
[ ight border, indicating exposure of metal around the drops. Parts shall therefore be
judged only on the col or and exposure of the nmetal under the drops.

4.4.3 Resistance to salt spray (class 4). The coated pieces of class 4
(AI'SI type 300 series corrosion resistant steel) shall be subjected to a 5 percent
salt spray (fog) test in accordance with ASTM B117. Exposure tine for the bl ack
coatings, prior to the application of a preservative, or after vapor degreasing,
shall conply with the requirenents of 3.9.
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4.4.4 Hydrogen enbrittlenment relief treatnent. Wen specified (see 6.2), ferrous
parts shall be baked in accordance with AVS 2759/9, table 1

4.4.4.1 Hydrogen enbrittlenent relief test. Sanples selected in accordance wth
4.2.2 to determ ne the adequacy of the hydrogen enbrittlenment relief treatnent,
shall be tested in accordance with ASTM F519. When specified (see 6.2), the
standard notched round bar speci nen under | oad control described in annex Al, which
is a part of ASTM F519, shall be used. The lot shall be rejected if any coated
speci men devel ops any crack or fails by fracture as a result of the test.

5.  PACKAG NG
5.1 Packagi ng. Packaging requirements are not applicable to this specification
6. NOTES

(This section contains information of a general or explanatory nature that nmay be
hel pful, but is not nandatory.)

6.1 Intended use. The black oxide coatings covered by this specification are
mlitary unique. Black oxide coatings are used on munition cases and gun barrels.
These coatings are particularly suited for noving parts that cannot tolerate the
di mensi onal build up of a nore corrosion resistant finish. They are not reconmended
on parts going into long termstorage. Sonetines, long termstorage is required and
a protective preservative fluid is recormended or a desiccated package is utilized.
The coatings present a pl easing bl ack appearance frequently enployed for decorative
pur poses or decrease in light reflection. A supplenentary water displacing
preservative coating such as ML-PRF- 16173, grade 3 or conparable material which
wi || provide equal or superior corrosion protection may be specified.

CAUTION:  High strength steel (40 HRC or greater hardness)
may be subjected to "caustic enbrittlenent” that could
| ead to spontaneous cracking if under internal or applied
stress during the blackening treatnent.

6.2 Acquisition requirenments. Acquisition docunents should specify the follow ng:

(a) Title, nunber, and date of this specification.

(b) dass of coating (see 1.2).

(c) Issue of DoDISS to be cited in the solicitation, and if required, the
specific issue of individual documents referenced (see 2.2.1 and 2.3).

(d) Nunber of sanples to be inspected fromthe |ot of coated parts (see 4.2.2).

(e) Acceptance requirenents prior to shipment of the coated parts, if
different (see 4.3).

(f) Bake ferrous parts in accordance with AVS 2759/9, table 1 (see 4.4.4).

(g) Use the standard notched round bar speci men under | oad control described
in annex Al, which is a part of ASTM F519 (see 4.4.4.1).

6.3 M scel | aneous not es.

6.3.1 Dinensional change. Bl ack oxide coatings on iron and steel should produce
no appreci abl e di mensi onal change of the treated piece. The dinensions shown on the
drawi ngs are, therefore, the dinmensions after the application of the coatings.
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6.3.2 Processing. Contractors may enpl oy one of a nunber of trade nanme bl ack
finishing oxidizing materials or prepared chemical mxtures to apply the black oxide
coating. The processing details should conformto M L-HDBK-205, “Phosphatizing and
Bl ack Oxi de Coating of Ferrous Metals”, or as recommended by the material supplier
Class 2 is used to process the 4XX series corrosion resisting steels, class 3 is
used for 3XX and 4XX series, and class 4 is used to process those 300 series
corrosion resisting steels which can neet the special salt spray test criteria and
for those 4XX series corrosion resisting steels which do not have any special salt
spray test criteria. Table |I provides an outline of the various processes.

6.3.3 Cast and nmalleable irons, and certain 400 series corrosion resistant
steels. Cast and nalleable irons and 400 series corrosion resistant steels of the
martensitic type can also be effectively treated in Class 4 proprietary baths, but
will not nmeet the salt spray requirenment of austenitic 300 series corrosion
resi stant steels.

6.3.4 Cass 4 coatings. Corrosion resisting steels of m ni mum conposition
| 7Cr-7Ni can be effectively bl ackened by this process.

6.3.5 Rinsing. In order to obtain effective renmoval of blackening solution and
ensure thorough rinsing, a conbination of spray rinses with tank rinses or a
properly operated double counterflow rinse operation nmay be advantageous. Use of
such a system may hel p reduce the anount of water required to obtain a desired
rinsing criterion and facilitate nmeeting the EPA standard.

6.3.6 (Ozone depleting chemcals. Cdasses | and Il ozone depleting chemcals
shoul d be avoi ded when cl eaning the basis netal.

6.3.7 Hazardous materials. The DoD has put together a |list of hazardous or
environnent al | y damagi ng substances in a docunent called the SD-14. These chem cals
shoul d be avoi ded whenever another finish can be substituted for the finish
speci fied herein.

6.4 Subject term (key word) listing.

Chromic acid dip

Chr omi um conpounds
Enbrittlement relief
Oxalic acid spot test
Preservative

Salt spray

Snmut test

6.5 Changes fromprevious issue. Marginal notations are not used in this
revision to identify changes with respect to the previous issue due to the
ext ensi veness of the changes.
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CONCLUDI NG MATERI AL

Cust odi ans:
Arny - MR
Navy - OS
Alr Force - 11

Preparing activity:
Arny - MR

(Project MFFP-0664)

Revi ew activities:
Army - M, PT
Navy - AS, EC, SH
Alr Force - 13, 19
DLA - DH(DCMC- OF, DLSC LEQ
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Mat eri al s and processi ng procedures.

Process and

Appr oxi mat e

Appr oxi mat e

Applicability to possi bl e processi ng i mer sion
d ass ferrous netal s chemi cal s tenperature time
1 Car bon steel s, Al kal i ne 1or 2 5to 60 mn.
| ow al |l oy steels, oxi di zi ng, t anks
wr ought irons, NaOH, boi I i ng at
cast and nal | eabl e NaNOg3, 285 - 305°F
i rons wat er (141 - 152°Q)
2 Certain corrosion Al kal i ne 250°F = 10°F 30 to 45 min.
resi stant steel chromat e (121°C = 5°Q)
al | oys which are NaCH, Na ,
tenpered at Na,Cr 007 17,
| ess than 482°C \Wat er
3 For corrosion Fused salt Mol ten bath 30 mn.
resi stant steel oxi di zi ng 750 - 850°F
al | oys whi ch Na,Cr 507 1/ (399 - 454°C)
are tenpered at and/ or
900°F (482°C) KoCr 507 y
or hi gher
4 For corrosion Al kal i ne 250 - 265°F 15 to 30 mn.
resi st ant oxi di zi ng, (121 - 130°Q)
steel alloys proprietary
conpounds
pl us wat er

1/ Chrom um conpounds.
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OXALI C ACI D SPOT TESTS ON BLACK OXI DE COATI NGS

A poor quality coating. A borderline quality A good quality coating.
coati ng.
FI GURE 1. FI GURE 2. FI GURE 3.

10



Downloaded from http://www.everyspec.com

STANDARDIZATION DOCUMENT IMPROVEMENT PROPOSAL

INSTRUCTIONS
1. The preparing activity must complete blocks 1, 2, 3, and 8. In block 1, both the document number and revision letter should be
given.

2. The submitter of this form must complete blocks 4, 5, 6, and 7.
3. The preparing activity must provide a reply within 30 days from receipt of the form.
NOTE: This form may not be used to request copies of documents, nor to request waivers, or clarification of requirements on current

contracts. Comments submitted on this form do not constitute or imply authorization to waive any portion of the referenced
document(s) or to amend contractual requirements.

| RECOMMEND A CHANGE: | 1 DOCUMENT NUMBER 2. DOCUMENTDATE (YYMMDD)
~ | MIL-DTL-13924D 990318

DOCUMENT TITLE COATING, OXIDE, BLACK, FOR FERROUS METALS

4. NATURE OF CHANGHdentify paragraph number and include proposed rewrite, if possible. Attach extra sheets as needed.)

5. REASON FOR RECOMMENDATION

6. SUBMITTER

a. NAME (Last, First, Middle Initial) b. ORGANIZATION
c. ADDRESS (Include Zip Code) d. TELEPHONE (Include Area Code) | 7.DATE SUBMITTED
(1) Commercial (YYMMDD)

(2) AUTOVON
(if applicable)

8. PREPARING ACTIVITY

a. NAME b. TELEPHONE Include Area Code)
US ARM RESEARCH LABORATORY (1) Commercial (2) AUTOVON
410-306-0725 458-0725
c. ADDRESS (Include Zip Code)Commander IF YOU DO NOT RECEIVE A REPLY WITHIN 45 DAYS, CONTACT:
VEAPONS AND MATERI ALS RESEARCH DI RECTORATE DEFENSE QUALITY AND STANDARDIZATION OFFICE
ATTN: ANSRL - W M 5203 Leesburg Pike, Suite 1403, Falls Church, VA 22401-3466
. Telephone (703) 756-2340 AUTOVON 289-2340

ABERDEEN PROVI NG GROUND, MD 21005-5069

DD Form 1426, OCT 89 Previous editions are obsolete. 198/290




